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METHOD AND DEVICE FOR REDUCING SMEAR 
IN A ROLLED FTNGERPRINT IMAGE 
5 Backgrou nd of the Invention 

The invention relates to electronic fingerprint 
image capture systems, and, in particular, to a method of 
reducing smearing in a captured rolled fingerprint image. 

The traditional method of obtaining a fingerprint 
10 image is to first apply ink to a subject's finger, and 
then to transfer the fingerprint pattern of ridges and 
valleys to a piece of paper by pressing the finger to the 
paper. The fingerprint pattern of ridges transfers to 
the paper, while the valleys do not. To obtain a rolled 
15 fingerprint image, a side of an inked finger is placed in 
a designated area of the paper and then the finger is 
rolled to its other side on the paper. 

Opto-electronic systems can capture a rolled 
fingerprint image without the use of ink. Typically, a 
20 series of optical images of a rolling finger on an 

imaging surface are propagated from an imaging device and 
converted to digital data. A variety of methods can be 
used to generate a rolled fingerprint image from the 
digital data representative of the series of images. One 
25 method is disclosed in U.S. Patent No. 4,933,976. 
According to this method, the propagated images are 
sequentially stored in the form of digital arrays of 
image data. Active areas of the arrays representative of 
fingerprint features are identified as a mathematical 
30 function of the stored image data. If adjacent two- 
dimensional active areas have sufficient overlap, then 
they are merged according to a mathematical function of 
the data in the overlap region to form a composite array 
characteristic of the rolled fingerprint image. The 
35 mathematical function in the composite array generating 
step is an average, a comparison or an average and a 
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comparison of the overlapping data in adjacent active 
areas . 

Another method is used in the model TP-600 system, 
produced by Identix, Inc. of Sunnyvale, California. The 
5 TP-600 includes an optical system having a large charge 
coupled device (CCD) imager that accommodates the entire 
imaging surface of an optical platen. The CCD output is 
an analog signal characteristic of light and dark 
patterns on the imaging surface. When a finger is placed 

10 on the platen, the analog signal has lower values 

(darker) for fingerprint ridge information and higher 
values (lighter) for fingerprint valley information, 
similar to what occurs when ink is used for 
fingerprinting. The analog signal is applied to an 

15 analog- to -digital (A/D) converter, the output of which is 
digital image data used to update the content of an array 
in image memory by means of a minimum function. Each 
element in the array initially has a value that 
represents the light intensity imaged at a corresponding 

20 location on the platen. As the finger is rolled across 
the imaging surface of the platen, the data in the image 
memory is developed and updated. 

The minimum function operates by preserving pixel 
values in image memory that are lower than the 

25 corresponding values of the incoming image data. If the 
value of the current image data is lower than the 
corresponding pixel value in image memory, then the lower 
image data value displaces the higher value in the array. 
Thus, for every location where a finger ridge contacts 

30 the imaging surface a lower pixel value (darker) is 

preserved in image memory. The contents of image memory 
are output to peripheral devices for storing a captured 
rolled fingerprint image and for real-time display of the 
developing rolled fingerprint image. 
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While using the minimum function method of 
acquiring a rolled print by saving the darkest intensity 
value will produce a good quality print, free of 
recognizable artifacts, and will be insensitive to the 
5 speed with which the finger is rolled, some areas of the 
print tend to have a smeared characteristic, reducing the 
differentiation between ridges and valleys. This effect 
occurs where the finger slides on the imaging surface 
while still in contact. The smearing often occurs at the 

10 tip of the finger and at the edge of the contacting area 
The use of tacky coatings on the contact surface reduces 
overall slippage, but the rounded geometry of the finger 
makes tip smear a continuing problem. While smearing is 
found in inked prints as well as those obtained by the 

15 opto-electronic system, it would be advantageous for the 
opto-electronic systems to improve the clarity of the 
image in the areas in which slip occurs. 

Summary of th* Tn^nUnn 
The invention provides a method of reducing smear 
20 in a rolled fingerprint image represented by a rolled 
image array. The method includes the step of generating 
a series of frames of an optical image signal, wherein 
the optical image signal includes data characteristic of 
light intensities of corresponding locations of an 
25 optical image, wherein the optical image includes a 

fingerprint image of a finger rolling on a surface The 
method also includes determining, for each frame of the 
optical image signal, a freeze column representing a line 
positioned between leading and trailing edges of the 
30 fingerprint image and oriented transverse to a direction 
of roll of the finger. The method further includes 
sequentially updating an interim array that is an 
accumulation of the frames of the optical image signal 
and characteristic of an interim image of a rolled 
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fingerprint. A current update of the interim array is 
formed by reducing pixel values of the interim array with 
a portion of the difference between the corresponding 
data values from the current frame of the optical image 

5 signal and the pixel values of the interim array only if 
the corresponding data values of the current frame of the 
optical image signal are less (characteristic of darker 
features) than the corresponding pixel values of the 
interim array. The rolled image array is generated by 

10 transferring portions of the interim array to the rolled 
image array in concert with the movement of the finger 
image in the optical input signal. 

During each update cycle , a new freeze column is 
determined at a position near a midpoint of a finger 

15 contact area which in turn is determined from the leading 
and trailing edges of the fingerprint image associated 
with a current frame of the optical image signal. The 
rolled image array may be initialized with a trailing 
portion of a current interim array, the trailing portion 

20 being interim array data behind a current freeze column 
in a direction of finger roll. Each time a new freeze 
column is determined by a processor in the system, 
current interim array data between the current freeze 
column and the previous freeze column is transferred to 

25 the rolled fingerprint image array. Alternatively, 

current interim array data between the previous freeze 
column and data characteristic of the leading edge of the 
rolled fingerprint in the interim image is transferred to 
the rolled fingerprint image array each time a new freeze 

30 column is determined. In both cases, the trailing 

portion of the interim array behind the previous freeze 
column is not used to further update the rolled image 
array. Thus, the data in the rolled image array is 
frozen behind a freeze column that moves in the direction 
3 5 of finger roll and smearing in the rolled fingerprint 
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image due to finger movement behind that column is 
eliminated. 

In addition to eliminating smear in the rolled 
fingerprint image behind the freeze column, the invention 
5 preserves the benefits provided by the minimum function 
in merging a series of frames of the image data signal. 

Brief Description of the nraw-ing 
The accompanying drawings, which are incorporated 
and constitute a part of the specification, schematically 
10 illustrate an embodiment of the invention and, together 
with the general description given above and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 

Fig. 1 is a perspective view of an image capture 

15 device . 

Fig. 2 is a diagrammatic illustration of the prior 
art rolled fingerprint optical imaging system of the 
image capture device illustrated in Fig. l. 

Fig. 3 is a functional block diagram of the image 
20 capture device of Fig. l. 

Fig. 4 is a functional block diagram of a portion 
of the image capture device of Fig. l. 

Figs. 5A-E illustrate a series of optical images 
of a finger rolling on a platen. 
25 Fig S . 6A _ 6E in U g trate a series of images 

represented in the image memory shown in Fig. 3 by an 
interim data array. The images temporally correspond 
with the images illustrated in Figs. 5A-5E, respectively. 
Figs. 7A-7E illustrate a series of images 
30 represented in output DRAM by a rolled fingerprint image 
array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 

Figs. 8A-8E illustrate a series of images 
represented in display VRAM by a rolled fingerprint image 



WO 97/41528 



PCT/US97/07427 



- 6 - 



array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 



Detailed Description of the Invention 
A smear reduction method for reducing the effects 
5 of smearing in rolled fingerprint images is provided. 
Referring to Pig. 1, the smear reduction method may be 
incorporated into the operation of a model TP- 600 
fingerprint capture device 10, manufactured by Identix, 
Inc., the assignee of the subject matter of this 
10 application. 

The TP- 600 includes separate imaging systems for 
obtaining a rolled fingerprint image and for obtaining a 
plain, or slap image. The plain fingerprint imaging 
system 12 produces an analog signal representing the 
15 image of one or more fingers pressed to a plain print 
platen 14, and a rolled fingerprint imaging system 16 
that produces an analog signal representing the image of 
a finger 18 being rolled across a rolled print platen 20. 
Referring now also to Fig. 2, each imaging system 
20 includes an illumination source 22, optics 24, and a 

large CCD imaging device 26 that accommodates the entire 
image from the platen surface. In the described 
embodiment, the CCD imaging device 26 for the rolled 
fingerprint image is a model TC217 CCD imaging array, 
25 available from Texas Instruments, Inc. of Dallas, Texas. 
Although only one mirror is shown in Fig. 2, optics 24 
actually includes a combination of prisms, mirrors, and 
lenses selected and arranged to bring the image from the 
platen surface to the CCD imaging device 26. The plain 
30 print platen 14 is wider than the rolled print platen 20 
to accommodate four fingers rather than one finger on its 
surface, and its optics 24 are arranged differently to 
accommodate the larger imaging surface. The purpose of 
each system is to present a fingerprint image at the 
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surface of a CCD imaging device when a finger is applied 
to the imaging surface of the platen. 

Referring now to Fig. 3, the output of the CCD 
imaging device 26 is an analog signal 32 which is applied 
5 to an image capture system 28. The illumination and 
imaging, and the CCD output convention employed present 
an image signal that has lower values {darker) for ridge 
information and higher values (lighter) for valley 
information. 

10 a processor 30 is used to manage the transport of 

data between and through each functional element of the 
system and to perform other "housekeeping" functions such 
as writing text to an image display monitor 60 in the 
image display and output system 34, intercepting switch 

15 closures and performing system start-up and shut-down 
operations. As will be described in greater detail 
below, the processor 30 also actively manages the 
processing of image data as the finger is rolled on the 
platen surface in forming a rolled fingerprint image. 

20 For the described embodiment, a graphic processor 
manufactured by Texas Instruments, Inc., part number 
TMS34020, is used. This particular processor supports 
special functions for processing two-dimensional arrays 
in memory. A copy of the source code in C language for 
25 operating the TP-600 is included in the microfiche 
appendix. 

Referring now also to Fig. 4, the analog signal 32 
from the CCD imaging device 26 of the imaging system 16 
is applied to an analog- to-digital (A/D) converter 36 

30 that is part of image capture system 28. Because the 
illumination of the fingerprint is not uniform in the 
scanner, the data values of the A/D output digital data 
35 are individually scaled by an equalization look-up 
table (Equ LUT) 38 according to table values stored in 

35 the equalization memory (Equ DRAM) 40. The stored 
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reference values correspond to an image of the surface of 
a blank platen 20, smoothed to eliminate noise and 
surface contamination. 

The output from Equ LUT 38 is an optical image 
5 signal 42 in the form of a stream of digital data that 
can be grouped in frames. The data have values which are 
characteristic of the light intensity of corresponding 
locations of the imaging surface of the platen 20. Each 
frame corresponds to an image of the platen at a 
10 different time. The data values are updated about 
fifteen times a second. Thus, about 25-35 frames of 
optical image signal 42 are generated during the time it 
takes for the finger 18 to roll across the surface of the 
platen 20 . 

15 The optical image signal 42 is used to update the 

content of an image memory 44, which holds a 968 X 968 
pixel interim data array, by means of a functional 
element identified as a "minimum function" look-up table 
(Min LUT) 48. This size array is sufficient to produce 

20 an image with a resolution of 600 dots per inch. The 
inputs to Min LUT 48 are the A/D converter output 35 as 
modified by Equ LUT 38, which is the current optical 
image signal 42, and the corresponding old interim data 
array pixel values 46 which are to be updated. The 

25 "latest value" is input from the current frame of optical 
image signal 42 and the "old value" is input from the 
current interim data array, as most recently updated by 
the previous frame of optical image signal 42 . 

In the simplest implementation, the Min LUT 48 

30 computes F n 1#j , the new pixel value 49 of the interim data 
array at row i and column j , as a minimum, F n i j « 
min(I n ltj/ F n l ifj ) , where I n is the input datum value of the 
nth frame from the Equ LUT 38 and F n *\ # ^ is the feedback 46 
from the image memory 44 from the preceding frame. The 

35 output signal 49 of Min LUT 48, for each pixel of interim 
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data array, is the lower value of its two inputs, as 
suggested by its name. For each datum output by the A/D 
converter 36 (as modified by Equ LUT 38 to form optical 
image signal 42), the corresponding pixel of interim data 
5 array in the image memory 44 is updated. 

It is not necessary to store the digital data 35 
output from A/D converter 36 and the optical image signal 
42 from Equ LUT 38 as arrays before being processed by 
Min LUT 48. The values of output data 49 from Min LUT 48 
10 used to update the interim data array depend only on the 
corresponding datum values of the optical image signal 42 
and on the old corresponding pixel values 46 of interim 
data array. For every location where a finger ridge 
contacts the imaging surface of the platen 20, a lower 
15 pixel value (darker) is preserved. The result of this 
technique is that as the finger 18 is rolled across the 
imaging surface of platen 20, an interim rolled 
fingerprint image is constructed in image memory 44. 
This process has been found to eliminate artifacts such 
20 as fingerprint features or discontinuities that are not 
part of the true fingerprint. 

When performing a capture of a rolled fingerprint 
image, the interim data array in image memory 44 must be 
initialized since feedback is involved. One way to 
25 initialize image memory 44 is to set all the pixel values 
to a maximum value. Then the interim data array in image 
memory 44 will immediately reflect any data that is input 
in the next frame. In another embodiment, interim data 
array can be initialized by setting up Min LUT 48 as a 
30 straight -through function such that its output is the 
same as the optical image signal 42 input from the Equ 
LUT 38. The first frame of optical image signal 42 can 
then update the image memory 44 independently of what is 
already stored. 
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As the finger 18 is rolled, the edges of the 
contact area of the finger on the platen may move fairly 
rapidly with respect to the frame update rate. This may 
cause some discontinuities to occur between the 
5 interlaced fields of the video. Similarly, the tip of 
the finger often slides as it contacts the platen, 
causing discontinuities. To resolve this problem, the 
function loaded into the Min LUT 48 can be modified from 
a strict minimum such that when the input datum value I n 

10 is less than the previous interim array value F nl , the 
interim array value is reduced by a portion of the 
difference, F n = F*" 1 - K* (F"" 1 - I n ) , where K is a factor 
less than or equal to one that sets how fast the value in 
a pixel may change. Noticeable improvement in the image 

15 quality can be obtained with K in a range of 0.2 5 to 0.5. 
For the described embodiment, K is set to approximately 
0.33. This function causes the conditions of concern to 
appear as gray smears instead of jagged discontinuities, 
since the conditions are often only present for a small 

20 number of frames. 

The Min LUT 48 has a 64 Kb x 8 SRAM and registers 
to pipeline the input and output. A 64 Kb address space 
requires 16 address lines. The two 8-bit inputs to the 
Min LUT 4 8 are tied to 8 address lines each. Thus, for 

25 each set of the two input values there is one 

corresponding location in the SRAM which contains the 
desired value to be output. This implementation is very 
unrestrictive, since any function can be implemented in a 
tabular form. The different functions to be used in the 

30 Min LUT 48 are typically precomputed and stored in a Main 
DRAM 54 and then loaded into the SRAM when needed. 

Image memory 44 includes two redundant memories, 
Min DRAM 50 and Catch VRAM 52. They independently and 
simultaneously hold the same interim data array for 
35 transfer to image display and output system 34. Image 
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35 



display and output system 34 includes a main output 
memory 54 (located in Main DRAM) and a display memory 56 
(located in Display VRAM) that receive data transferred 
by processor 30 from Min DRAM 50 and Catch VRAM 52, 
5 respectively. The display memory 56 is used to provide 
information to the operator in real-time. The display 
memory 56 receives image information along with 
fingerprint placement cursors and text information 
providing instructional information to the operator. The 

10 display memory 56 typically contains less information 
than that contained in image memory 44 or output memory 
54 for reasons of data efficiency, display raster size, 
and other display limitations. The output memory 54 does 
not contain text information and finger placement cursor 

15 information. This memory contains all the high quality 
image data. 

The interim data array in image memory 44 
represents an interim rolled fingerprint image, and could 
be transferred in its entirety with each frame to output 
memory 54 or display memory 56 to form a rolled 
fingerprint image array. This is the method of the prior 
art TP-600. However, if the finger 18 slips on the 
imaging surface of the platen 20 when the interim data 
array is being formed, then the rolled fingerprint image 
will appear smeared, similar to what happens with the ink 
and paper method of obtaining a rolled fingerprint image. 
The smear reduction method of the invention reduces 
smearing in the rolled fingerprint image by transferring 
to output memory 54 and display memory 56 only a selected 
portion of the interim data array 46 with each video 
frame . 

Typically, an operator will preview the finger 
image prior to entering a capture mode to obtain the 
rolled fingerprint image. in order to place the finger 
20 properly on the platen 18, it is helpful to be able to 
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center the finger while viewing the image of the finger 
on a display monitor 60. The operator sets Min LUT 48 to 
the straight -through function and rolls the finger to one 
side to prepare for the capture of the rolled image. The 
5 image displayed is then not a rolled image but a direct 
image of the finger 18 on the platen 20. Since the 
capture mode is entered after a scan button is pressed, 
the data in the image memory 44 at the end of the preview 
mode serves to initialize that memory for the capture. 
10 Referring now to Fig. 5A, the first frame of 

optical image signal 42 after capture mode is entered 
represents an optical image 62a of the surface of the 
platen 20, including an image of contact area 64a of the 
finger 18 on platen 20. (The cross-hatching in the 
15 drawing indicates fingerprint features.) In Fig. 5B, 
contact area 64b is to the right of the location of 
contact area 64a, indicating that the finger 18 has 
rolled to the right. The contact area 64 continues to 
move incrementally to the right in Figs. 5C and 5D. In 
20 Fig. 5E, the contact area 64e has shrunk in size from 
previous contact area 64d, as the finger 18 is lifted 
from the platen 20. 

As the capture mode is entered, the Min LUT 48 is 
restored to the modified minimum function, as described 
25 above. Referring now also to Fig. 6A, the most recent 
frame of optical image signal 42 that was passed through 
Min LUT 48 becomes an initial frame of interim data 
array, which is characteristic of an interim image 66a 
that includes interim rolled fingerprint image 68a. 
30 Interim rolled fingerprint image 68a, in this embodiment, 
is the same as the corresponding contact area 64a 
illustrated in Fig. 5A. Alternatively, interim data 
array can be initialized with all high pixel values, 
indicative of a blank, illuminated platen (not shown) . 
35 Min LUT 48 can then update interim data array using the 
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modified minimum function, with a first frame of optical 
image signal, represented by optical image 62a, as one 
input and corresponding pixel values of the "blank" 
interim data array as the other input. The resulting 
interim data array is essentially the same in either 
case. 

The interim data array is next updated when the 
second frame of optical image signal 42, represented by 
optical image 62b in Fig. 5B, is processed through Min 
LOT 48 with corresponding pixel values 49 of the interim 
data array, represented by the previous interim image 
66a. The updated interim data array is now 
characteristic of an interim image 66b that includes 
interim rolled fingerprint image 68b, illustrated in Pig. 
6B. Similarly, Fig. 6C illustrates interim image 66c and 
interim rolled fingerprint image 68c, which are 
represented by interim data array in image memory 44 
after being updated with the next frame of image signal 
42, which is represented by optical image 62c, 
20 illustrated in Fig. SC. Figs. 6D and 6E illustrate 
respective interim images 66d, 66e and interim rolled 
fingerprint images 68d, 68e represented by subsequent 
updates to interim data array. 

Contact area detection can be done in many ways. 
One method is to finely segment the optical image signal 
42 and then compute the variance of the data values in 
each of the segments. A segment with a small variance is 
considered to have no contact. Another way is to 
threshold each data value and to consider it contacted 
30 when' the value drops below a fixed level. This is 

acceptable when the image background is equalized by Equ 
LOT 38 since then a fixed level corresponds to a 
consistent degree of contact across the complete image. 

The bottom or tag bit (bit 0) of interim data 
array in image memory 44 is allocated to the function of 
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indicating contact. Since Min LUT 48 is completely 
flexible as to what is programmed into it, the function 
for the tag bit 0 may be handled separately from bits 1- 
7. The tag bit is set to 1 if the input value to Min LUT 
5 48 from optical image signal 42 is less than a threshold 
T. The information reflecting the contact area 64 is 
thus available in the tag bit 0 of the Min DRAM 50 and 
Catch VRAM 52 as a binary images 70a- 7 Oe, which have 
outlines indicated in Figs 6A-6E, respectively, by dashed 

10 lines. The accumulated gray-scale interim images 66a- 66e 
are available in the upper bits 1-7 of the Min DRAM 50 
and in the Catch VRAM 52 of image memory 44. It will be 
understood that the processor 30 can determine the binary 
images 70a-70e even when Min LUT 48 is in preview mode in 

15 which the optical image signal is passed through to image 
memory 44. 

The contact area 64 of the fingerprint represented 
by each frame of optical image signal 42 can be modeled 
most simply by a contact strip 72, with a left edge 74 

20 and a right edge 76. The contact area 64 usually has a 
convex perimeter, but we have found it acceptable to 
consider contact strip 72 to be rectangular-shaped, with 
the left edge 74 as the column at the left -most edge of 
the contact area 64 and the right edge 76 as the column 

25 at the right -most edge of the contact area 64. The 
processor 30 determines the right edge 76 and left 
edge 74 of the contact strip 72 from binary contact 
image, generally referred to by reference numeral 70, in 
the Catch VRAM 52 . This is done in a time frame 

30 comparable to the frame update rate in order to keep up 
with the rolling finger. 

One way to determine the contact strip 72 is to 
examine one row of tag bits across the center of the 
binary contact image 70. The left-most tagged pixel is 

35 found by searching for the first tagged bit in the row 
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from the left edge of interim data array, and the right- 
most tagged pixel is found by searching for the first 
tagged bit in the row from the right edge of interim data 
array. The left edge 74 and right edge 76 of the contact 
strip 72 are then identified with the left-most tagged 
pixel and the right-most tagged pixel. 

Dirt or contaminants present on the platen 20 can 
cause isolated pixels out of the contact area 64 to be 
tagged in forming the binary contact image 70. The 
fingerprint is composed of ridges which may align with 
the line being checked such that a valley will confuse 
the location of an edge. These problems can be reduced 
by examining a vertical band 78 that includes a number of 
horizontal lines near the center of the binary contact 
15 image 70. For example, a vertical band 78 of 10 lines 
spaced 4 lines apart across the middle of the binary 
contact image 70 can be used. 

Using only the left -most tagged pixel as the left 
edge 74 of the contact strip 72, even when using more 
than one line near the center of the binary contact image 
70, can still be too sensitive to the presence of dirt 
and falsely indicate contact or distort the finger image 
at the edges of the contact area 64. To mitigate this 
problem, in one embodiment, a number of tagged pixels are 
counted from the left side of the binary contact image 70 
before establishing a column as the left edge 74 of the 
contact strip 72. The processor 30 determines the right 
edge 76 of the contact strip 72 in a similar procedure. 
The left and right edges 74, 76 of the contact strip 72 
are established as the 10th tagged pixel in from the 
outside edges. 

The processor 30 supports a special mode which 
allows processing operations to be performed during a 
two-dimensional block transfer. One of the operations is 
35 a logical OR. Thus a number of rows may be transferred 
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to one final row while performing a logical OR. The 
destination row thus provides an indication of the 
contact strip over a band 78 instead of a single line. 

By identifying the contact strip 72, the processor 
5 30 is able to perform several other new functions. It 
keeps track of the left edge 74 and right edge 76 of the 
contact strip 72, and determines when the finger 18 is 
placed upon the blank platen 20, when the finger 18 is 
rolled and in what direction, and when the finger 18 is 
10 lifted from the platen 20, 

When the finger 18 is initially placed on the 
blank platen 20, the left edge of the finger contacting 
the platen will be beyond the right edge in a direction 
from right to left. As the finger 18 is placed down, the 
15 contact strip 72 will have a positive width between the 
right edge 76 and the left edge 74. As long as the left 
edge 74 of the contact strip 72 keeps going left and the 
right edge 76 of the contact strip 72 keeps going right, 
it can be considered that the finger 18 is still in the 
20 process of being placed on the platen 20, with the 

contact strip 72 growing. If the finger 18 is already on 
the platen 20, the contact strip 72 will start at a 
positive value. This is the most common situation, when 
the preview mode is used to place the finger 18 and roll 
25 it back to the starting position. The finger 18 usually 
is not raised again before the capture mode is started. 

The processor 30 determines that the rolling of 
the finger 18 has begun when one edge of the contact 
strip 72 starts to go inward instead of outward. For 
3 0 example, when the left edge 74 starts to go right, as 
illustrated in Figs. 6A-6D, the processor 30 determines 
that the finger 18 is being rolled right, in which case 
the right edge 76 is the leading edge and the left edge 
74 the trailing edge of the rolling finger. If, instead, 
35 the right edge 76 begins to go left, the processor 30 
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determines that the finger 18 is being rolled left, in 
which case the left edge 74 is the leading edge and the 
right edge 76 is the trailing edge of the rolling finger. 
A small tolerance for jitter is allowed by determining 
that rolling is begun when the left edge 74 (or right 
edge 76) of the contact strip 72 moves back from its most 
extreme position by a small number of pixels, nominally 
5. If the left edge 74 is moving right and the right 
edge 76 moving left for a predetermined number of frames, 
then the processor 30 determines that the finger 18 is 
being lifted from the platen 20. 

The processor also determines from each frame of 
image signal 42 a freeze column 80 which corresponds with 
a position in the contact area 64, or binary image 70, 
located between the left edge 74 and right edge 76 of' the 
contact strip 72 for each frame. In one embodiment, the 
freeze column 80 corresponds to a position located 
approximately half the distance from the trailing edge to 
the leading edge. In another embodiment, the freeze 
column corresponds to a position located more than half 
the distance from the trailing edge to the leading edge. 

Instead of transferring the entire interim data 
array to output memory S4 only after the finger 18 is 
finished rolling across the image platen 20, as was done 
25 with prior art embodiments of the TP-600 device, the 
porocessor 30 transfers a portion of the interim data 
array to output memory with each new frame as the finger 
rolls. The processor 30 ceases to update a portion of a 
rolled fingerprint image array in output memory 54 behind 
the freeze column determined from the preceding frame of 
optical image signal 42. The freeze column 80 moves in 
increments from frame to frame with the right and left 
edges 76, 74 of the contact strip 72 in the direction of 
roll. Since the data in the developing rolled 
fingerprint image array behind the freeze column 80 is 
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not updated, any image smearing that develops in a 
trailing portion of the interim image 62 represented by 
the interim data array does not show up in the rolled 
fingerprint image array, 
5 Referring now to Fig. 7A, an output rolled 

fingerprint image array in output memory 52 is 
initialized with high pixel values indicative of a blank 
background 82a. Referring now also to Fig. 7B, when the 
finger 18 starts to roll, the processor 3 0 updates the 
10 output rolled fingerprint image array in output memory 54 
by transferring a trailing portion of interim data array 
from image memory 44. The trailing portion can be, e.g., 
the trailing portion of interim data array characteristic 
of interim image 66b, starting with a column 
15 corresponding to the trailing edge 74 of the contact 
strip 72, up to and including the freeze column 80 
determined from the current optical image signal. Output 
rolled fingerprint image array at this point is 
indicative of rolled fingerprint image 82b, which 
20 includes transferred portion image 84b. As the finger 18 
rolls, the processor 30 updates the output memory 54 to 
keep up with the position of the approximate center of 
the moving contact strip 72. 

Each subsequent update to the rolled fingerprint 
25 image array in output memory is a portion of interim data 
array block- transferred from image memory 44. In one 
embodiment (see Figs. 8A-8E and related discussion 
infra) , the transferred portion of a current interim data 
array is characteristic of the interim rolled fingerprint 
30 image 68 up to approximately the leading edge, i.e., up 
to a column of the interim data array corresponding to 
the leading edge of the current contact strip 72 . In 
another embodiment illustrated in Fig. 7C-7D, the 
transferred portion of the current interim data 
35 array from image memory 44 is narrower, and extends only 
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up to approximately the freeze column 80 of the current 
optical image signal. Fig. 7 C illustrates output rolled 
fingerprint image 82c, with transferred portion image 
84c, after a corresponding portion of the current update 
5 of interim data array (see Fig. 6C) is transferred to the 
output rolled fingerprint image array. The transferred 
portion of interim data array in this instance includes 
all data to the right of freeze column 80b, i.e. in the 
direction of finger roll, up to and including freeze 
10 column 80c. Similarly, output rolled fingerprint image 
82d, illustrated in Fig. 7D, is represented by the output 
rolled fingerprint image array subsequent to a portion of 
a subsequent update and interim data array (see Fig. 6 D) 
being transferred. The transferred portion includes all 
15 data to the right of freeze column 80c up to and 
including freeze column 80d. 

For the final update to the rolled fingerprint 
image array in output memory 54, the transferred portion 
extends from a column of interim data array corresponding 
20 to the freeze column determined from the preceding 

optical image signal 42 to at least the column of interim 
data array corresponding to the most extreme position of 
the leading edge of the contact strip 72. In all cases, 
the transferred portion of the current interim data 
array is characteristic of the interim rolled fingerprint 
image 68 forward from the line represented by the freeze 
column 80 derived from the preceding optical image signal 
42. For example, the final transferred portion, 
characteristic of transferred portion image 84e' 
illustrated in Fig. 7E, is data interim data array which 
is characteristic of a portion of interim image 66e 
forward in the direction of finger roll from the previous 
freeze column 84d. 

Thus, the processor 30 freezes the output memory 
35 54 behind the moving freeze column 80, which is 
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characteristic of a vertical line corresponding to the 
approximate center of the moving contact strip 72. No 
updating of the output memory 54 occurs behind that line. 
While this does not eliminate tip smear, it reduces it by 
5 about 50-60%. The smearing in the main part of the 

fingerprint due to the movement of the back edge of the 
finger is eliminated. Since smear can still occur 
between the leading edge and the freeze column 80, the 
method can be improved by setting the freeze column 80 at 

10 a position closer to the leading edge, nominally five- 
eighths (5/8) of the distance between the trailing and 
leading edges. 

The processor 3 0 tracks the progress of the 
leading edge of the contact strip 72, which is the right 

15 edge 76 in the embodiment illustrated in Figs. 5-7. When 
the leading edge retreats from its farthest position by a 
selected number of columns as the finger 18 is lifted 
from the platen 20, the processor 30 determines that the 
capture is completed, performs the final update to the 

20 output memory 54, and ceases to update the rolled 

fingerprint image array in output memory 54 any further. 
This prevents smear as the finger 18 is lifted from the 
platen 20. Thus, when the finger 18 lifts from the 
platen 20 or rolls backwards, the processor updates the 

25 output memory 54 with the forward portion of the interim 
data array and ceases any further updates . 

It is important to note that the processor 30 only 
passes though a portion of the contents of the image 
memory 44 to the output memory 54 at any time. This 

30 portion corresponds to a narrow strip of the interim data 
array located adjacent to, but not overlapping with, the 
freeze column defined by the previously passed through 
data. It is also worth noting that the data used to 
update the output memory 54 is not representative of a 

35 raw fingerprint image. Rather, the transferred data is 
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representative of the interim rolled fingerprint image 68 
produced by the Min LUT 48 in that narrow strip 84 since 
the finger 18 began to roll. 

A rolled fingerprint image is displayed as it is 
5 captured. The processor moves data to the display memory 
(VRAM) 56 from the Catch VRAM 52 in image memory 44 . The 
data is then converted to video format through a digital- 
to-analog converter (D/A) 58 and output to display 
monitor 60. In the embodiment depicted in Fig. 4, the 
10 display monitor has a display area formed by a 720 X 720 
pixel array. The processor 30 decimates the image by one 
pixel column out of four and one row out of four during 
the transfer from the Catch VRAM 52 to the Display VRAM 
56 to fit the image into the display format. 
15 Referring now to Figs. 8A-8E, the processor 30 

updates the display memory 56 (in the reduced format 
described above) from the image memory 44 while the 
finger 18 rolls on the platen 20 to generate a display 
rolled fingerprint image array characteristic of a 
20 display rolled fingerprint image 86. As the finger 18 is 
being placed down, i.e. in preview mode, the entire 
interim data array, characteristic of interim image 66a 
(which is the same as optical image 62a) , is transferred 
to display VRAM 56 and displayed "live." In Fig. 8A, the 
25 live image is image 86a. As discussed above, when the 
capture mode is entered the data in interim data 
array representative of the contact strip 72 between the 
left and right edges 74, 76 of the binary contact image 
70 is updated. When the finger begins to roll, a portion 
30 of the data in interim data array from Catch VRAM 52, 
which is representative of the strip behind the current 
freeze column 80b relative to the direction of finger 
roll, is transferred to display rolled fingerprint image 
array. This strip, shown in Fig. 8B as strip image 88b, 
35 extends to the far left edge of interim image 66b and is 



WO 97/41528 



PCTYUS97/07427 



- 22 - 

therefore representative of areas of the platen surface 
that are not contacted by the finger 20. Thereafter, the 
portions of data from the interim data 

array representative of a strip of interim image 66 just 
5 adjacent to, but not overlapping with the previous freeze 
column 80b, 80c, respectively, and up to the leading edge 
74 of the contact strip 72 are transferred from the Catch 
VRAM 52 to Display VRAM 56. These strips are illustrated 
in Figs. 7C and 7D as strip images 88c and 88d, 

10 respectively. This maintains a complete image 86c, 86d, 
respectively, of the developing rolling fingerprint image 
in the display rolled fingerprint image array in Display 
VRAM 56. Referring now also to Fig. 8E, when the capture 
is deemed complete, the portion of the interim data 

15 array representative of the forward strip 88e of the 

interim image 66e, from the previous freeze column 80d to 
the far forward edge of the interim data array is 
transferred to the display VRAM 56. This last update may 
also include data representative of areas to the far 

20 right edge of the platen 2 0 not contacted by the finger 
18. Each update is a portion of interim data array that 
has been processed by the minimum function 48. 

Many variations of the display method can be 
implemented with corresponding differences in the display 

25 quality. For example, whether to update blank areas to 
the right and left of the contact area, or whether to 
update from the output image memory or the catch memory, 
are options that can be traded-off for processing 
efficiency. Another alternative is not to display 

30 anything forward of the current freeze column 80, for 
example, if the processing time is needed. 

After the capture is complete, the operator 
presses a button to either reject the print or save the 
print. If the print is saved, the background can be 
35 whitened out to present a cleaner image. This is 
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accomplished by comparing the output image with the image 
remaining on the platen. It is assumed that the operator 
has lifted the finger before pressing the save button. 
If a pixel value in the output image is below a 
corresponding value of a remanent image (i.e. the image 
of the platen without the finger) by a selected fraction 
(e.g. approximately 5%), then the pixel is considered 
contacted and is tagged accordingly. All pixels which 
are not tagged are whitened to a consistent background 
level. This eliminates any latent images that might be 
present in the background or in the voids within the 
print . 

Note that, after each of the image memory 44, 
output memory 54 and display memory 56 are initialized 
with data representative of an initial image, there is no 
place in the system where the optical image signal 42 or 
portion of the optical image signal is actually stored. 
All subsequent frames of optical image signal 42 
representative of optical fingerprint images from the 
image system 16 are processed through minimum function 
48. It is only a portion of the data in each updated 
interim data array in image memory 44 that is used to 
update the output and display memories 54, 56. 

In the embodiments described above, Min LUT 48 
updates an interim data array in image memory 44 from the 
existing pixel values of interim data array and 
corresponding data from a new frame of optical image 
signal 42 input through the A/D converter 18 and Equ LUT 
38. The method only uses the bottom bit of each pixel in 
image memory 44 to indicate contact. As the finger 20 
rolls, the processor updates the output and display 
memories 54, 56, respectively, with a portion of the 
interim data array representing a forward portion of the 
contact strip 72 in the image memory 44. Thus, output 
and display rolled fingerprint image arrays are 
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respectively formed in output and display memories 54, 
56. The rolled fingerprint image arrays are 
characteristic of a rolle.d fingerprint image. 

In another embodiment, the interim data array may 
5 be developed in image memory 44 such that the 

accumulation of the optical image signal 42 and therefore 
also the interim data array is stopped behind the freeze 
column 80. This could be implemented with hardware (not 
shown) , for example with a hardware register (not shown) 

10 that stores the information identifying the freeze column 
80 and with controls to inhibit storage either right or 
left of the line, depending on the direction of rolling 
the finger 18. The processor 30 need only update that 
freeze column 80 and transfer the interim data array to 

15 the output memory 54 when capture is complete. 

The function of freezing the updating of the 
interim image array in image memory 44 can also be 
implemented as part of the operation of Min LUT 48. For 
example, one of the address inputs to the Min LUT 48 can 

20 be allocated to selecting the data to be frozen in 

interim data array or to be updated by Min LUT 48. This 
bit can be controlled by a comparison of the image column 
with the freeze column 80, which is stored in a register 
updated by the processor 30. 

25 The smear reduction can be improved by using a 

more general approach to defining the contact strip, for 
example determining the contact strip on a row by row 
basis, but this would take much more processing. The Min 
LUT 48 could still be used to update the interim data 

30 array in image memory 44. The freeze position could be 
controlled on a line by line basis by storing the freeze 
column 80 for each line in a memory (not shown) addressed 
by line number. This memory could be updated by the 
processor 30 for each field, during the blanking periods 

35 of the video or by using dual port techniques. The 
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freeze position for each line is developed from sensing 
the active range for several lines through the image and 
then providing a smoothed or interpolated position for 
the freeze position of the intervening lines. 
5 While the current implementation utilizes an 

interlaced video input, the invention can also be 
implemented with a camera that provides a progressive 
scan, i.e., a scan which outputs only one frame, without 
any interlacing of lines. This would obviate the need 
10 for as much modification of the minimum function. 

Since the progress of the roll is being tracked by 
the processor 30, it is possible to eliminate some of the 
button pressing by the operator. This is principally 
achieved by clearing the image memory 44 and restarting 
15 capture automatically under certain conditions, depending 
on the preferred mode of operating the system. 

As an example of this method, the operator 
indicates he wants to save an image by pressing a save 
button (not shown) or a save foot switch (not shown) 
after the image capture is deemed complete as in the 
method described above. To reject the print, the finger 
is placed back down and rolled again. When the processor 
detects that the finger is in contact again, the image 
memory is cleared and the capture restarted. Note that 
this allows the preview mode to be integrated with the 
capture mode, provided that the operator lifts and 
replaces the finger prior to the capture. 

The processor 30 can be configured to restart the 
capture when it determines that the finger 18 changes 
30 direction the first time. This corresponds well to the 
normal operation of placing the finger down to center it, 
rolling the finger back to one side, then rolling the 
fingerprint . 

The operator assumes that he will roll all the 
fingers in order. If he wishes to reject a fingerprint, 
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he presses a button. The operation is to keep placing a 
finger down without rolling until it is centered, then to 
roll the finger to one side, and then to roll the finger 
for the capture. This operation can be determined from 
5 the states identified for freezing the image - placing 
the finger down, rolling left or rolling right, lifting 
the finger. An additional criterion may be placed upon 
the amount of roll to differentiate between placing the 
finger and performing a complete capture. 
10 It will be understood by those skilled in the art 

of electronic fingerprint image capture that the imaging 
system 16 can be designed in an equivalent embodiment to 
provide a signal to the A/D converter 3 6 that indicates 
fingerprint ridge features by high values and fingerprint 
15 valley features by low values* The methods and devices 
described above would then require only small 
modifications to accommodate this change. 

It will also be understood that although the 
optical image signal is described above as a data stream, 
20 the optical image signal can also be formatted as an 
array of pixels. 

The following appendix contains C language source 
code for software for operating an Identix TP-600 
fingerprint capture device. A portion of the disclosure 
25 of the patent document contains material subject to 
copyright protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure, but otherwise 
reserves all copyright rights whatsoever. 
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•^.rt^a^t^itorf.itora.addr^oil.WDJIXCLl, 

■*«.r^<Acantral^rowi f «l«_adr<40vri« # O^OO).5»aU IncCigvraa), 
tOUJ0Pfmt # »>; 
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•• fi*e pm; V010 •y^UJnltO 

PurpMti iMgt ctpturt proc«it fro* tht 9»v«" "«* r> 

(toll • 0, »Uln • 1). 
uturnt: typt 1n th« typ«M ctptur«_t 

V 

"chir «nMtp ( UtOMO la*_ftor«_«ddO 

( 

ctpturt.t r«t; 

UITTC •■fC_tUft - p«r, •d«t_iUrt - ptr; 
Iftt 

Inf A»w_w:*iJ trw, »c*n_l 



MAMOJTH hand; 
ItOU.OUCCTIOM c«*t_d*r; 



ptrmttrt control Ung «*t ©' th* rolling 

V 

fnt odg«_tol • 20j 

(At octWo.throtAotd ■ 1*0; 

I AC •nough • t0| 

lAt OAUO • Ml 

IaI •*»_colui»»Jn_»top • W; 

OA!* 

C 

Mill, 
IOLl.lt ONI ( 
I0U.UF1, 

im, 

CM 



ehtck *»t cowro to airKtlon 



II «ln*«r typo.choclUfnOJWfl, ifni.c^r*, Wand, leopt.i 

,|fA..;«.rt Lcwro) 
rtturn<cmjdU*OJW>; 

^•UjAlt«oim •)1*«.«tort.tcidf); 
■la tlioUr'r»M«.M f - h >; 



!! 1flMfl# 0 M«.t should bo mtch* in »-^t«rt() dltplty.co-i 
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** thaaa pofmtrt ara only uaod for th# plain 

V 

•fi.itort.Jtr • (UtTTI •)Q*ft_V1UM.lN9 • iOIJV • 24 ♦ 7V; 
o*t_atart.»tf • (UtTTt •wijnjujust ♦ tctw • 4 ♦ 12; 

1f( cmra run ) 

< 

arc_atart.ptr 20; 

oat_atartj>tr Idjf • mi • INC UAH N); 

) 

r 

— Got •unburn of iMot and put Inta ttructuraC IIUGf AITI T ) 
V 

<a*g.a.camra • eonora; 
laoooJtond • hand} 
1»a«.atoro_odrfr • 1o«_atorc_oddr; 
fa»o*.irc_oddr • arc.atirt.ptr; 
<«»•«. o*t.ode> • dat.atart.otr; 
laaoa.fna.nua • InQjim; 

Captwratcr»tn< taw**, fn§ jnm, tmmp ); 

r 

— load tho tou data that uaro craatod during calibration for IOU 

or HASH from tho Orm to I<*i>ra», afton the currant calling emmrn 
la dlfforont fro* tha provloua eavn, 

V 

If ( oojjraf.caavra !• eoatra ) 

lood.oo>jraf_to_C*jJ>raa (cvaaro); 

/• 

*• Halt for kay proaaod 

V 

kty^praaiad • TYMjio.llfONSIj 
*IU< kay_praaaod I a TW.IAVI.ttf > 

< 

/• 

1. Copy tho ctroloht thru function from Oram to M Intra* 
** 2« Turn arabbor on 
V 

PravlnltActC laaot ); 
/• 

•• •ravla* oporatlon 
•/ 

koy«P^taaod ■ Tm.NOJttWNSC; 
*lla< aay^praaaod •• TT»e tcut nr ) 
< 

/• 

** Olaptay loota by copy f Ingarprlnt fro* aratfetr VUM to 

" display VIA*. 

•/ 

dlaplay.flnoarprlnt (court, »re.itartj>tr, dat.ttart .ptr); 

fcty_prasssd • OWand.ktyt); 

lf( < # provc«r M hay.icr(kty M praiaod]) •• mu > 

<• prav»cr.kay.tcr(kay.praiaad))< 1a» M , omu ), 
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flf( (•pr»v»cr.k«y.»ctUty - pr«tt«d)) !• > 

rot • (•prtvicrjw.icttkty^oooidl >< >«' 
tf( rtt CAFTJUHMO K 
rttumc rtt ); 

> 

> /• ond of OiUo •/ 
/• 

•* Cspturo oporotlon 
•/ 

If (copt.dlr — tlCMT_0U 1| ctptjllr •• LlfT.OU) 
€ 

turner 4b jx\j*nm i <l«ogo.co*wro, 1); 



capt.otofo-IUluCj 

fctyj>riMtd • TYPI.NO.UMOHM; 

uMU( k«y_*fMMd »■ TTM.ICAIttt U k ty jx««od 1. TfM.UVf.ai) 
t 

•«1tCh (C*pt_tUtt) 

< 

c«t« IUNK; 
/• 

volt for tho ftng«r to cm down 
•• dltpUy tho octlvo oroo **on It ttnood 
•/ 

If (ft^ttct,«d9t»(4€«ntf«l.r»rt^9O0l # «cttv«.thr«*h0ld t 
lr_odg«,li.odft«» 

( 

c*pt_tuu*mst; 

ftr_r_td9«-r_odatj 

forJ.odBO't.odgo; 

> 

brook; 



cam PUIS: 
/• 

dltptty tho Mtlvi oroo 

tntU both odo«t boflln to roll In tho corroct dlro<tlon 

thon tivt tho Oock ft do of th« octlvo oroo 
•• Alio* tht roll to 90 In olthor direction 
•/ 

If cfi^dotoet.odgoiCftcontrol.roirt.odfto.tol.ietlvo^throohold. 
* lr_odao.»l_*dW» 

( 

If (l.odgo > foO_odoo*onouoh> 

ocon.Unt • twth.tconJiniCM.r^t^.odgt^ctpt.dlr, 
■ujeoluvti Jn_ttop> ; 

/• 

lovo tho loft oldo of tht tctlvo oroo 
•• Oon't ifdoto tho dltploy 
•/ 

MV9_coluv»<4fvr o» ff tdo U_ftoro ,0, icon J Ino) ; 

eopt~iUtt-tOllJUCMTj 

brookj 

) 



) 
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If (r_odgo « ftr_r_odgt-onough) 
< 

•moJIm • Mooth_ieonJlno(-1,r_odgo,l_odBt,c«pt_olr, 
■M.co t uwno_ 1 n_t t op > ; 

/• 

•• lovo tho Iff I ild# of tht octlvo «rto 
" Oon' I updtto th« dUploy 

V 

•ovo_«oluor*<4avro*,idou_itor»,oconjln«,i_w); 

cop t.i t o f o*tOU_U ft; 

brook; 

> 

•* UhlU not rotting jmC ditplty tho octlvo colunr« 
•/ 

If <t_odgo-oxtro >■ 0) 

< 

If <r •dgo*»ntr« < 

dUpl oy.cot uim - 4j( igvr m. id ( $pj* I ndow , I _#dge- «r t r • , 
f_odot-l_odoo*7*t*tri); 

oioo 

d I »pt •y.eot umi^Ji Igvr m, &dUp> I ndow , I _odg« - «x t r • , 
i_wt_odgo*oxtro); 

> 

•lao If (r_odgo*t&trt < t_w) 

dttpt ay _col uiro_4_J < igvr m, id I • p_* t ndow . 0 , r _odgo* t *t r o ) ; 

•lie 

d I tpl «y_cot usro_4_J ( igvr mi, id 1 s p_w I ndow ( 0 , »_w ) ; 



If (t.odgo « ftr_l_odg«> 

for_l_odgo • l_«dgo; 
If <r_odgo » f«r_r_odgt ) 

for_r_odgo«r_odgo; 

> 

otto 

< 

«Im_*ovo< igvr o», idoto.l tort) ; 

d I »pt •y.col uw*_4_J < id* t I or • , id I ip_y 1 ndow # 0, ) ; 
Cftpt_llit««UH; 

brook; 

com ROLlJUCNf : 
/• 

•• oovo cho troo fncronontod by th« scon lino 
dliplty right oldo of tho «ctlv« oroo 

until tho right odgo ttopo 
thon iovo tho right tldo of tho actfvo oroo 

•/ 

I f < f i_dotoct_odgoo(lcontrgl_rowo ( odgo. tot ,oct I vo_thr«»nold, 
ir_odgo,ll_odgo» 

< 

now.oconjlno • o-ooth.ieonj lno<»conJloo l r^ # dQt - l_odg« # IICi«t - 0ll.30); 
If <n#w_»conJ I no ► iconjtni) 

t 

oovo w colum(ifvroo l idoto.ttoro ( tcon w tlno a nM s tco'iJlnf); 
•con. 1 1 r»*n»v_»con_t I no; 

If <r.odgo*oitr« « •_») 
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df tpl ty.eolunna^i.JUovft*, Idl gp_w I ndou, icanj Im ( 
•ji-tctnjlna); 
/• dliplty tha scan Una for dtbug 

IUl,COlj4J(ld1ipjilndQii f ieaftJlnt # 0); 

•/ 
) 

W <r,tdot « for.f.odoa • •oouph) 

( 

tavs_CQtun<4avraa,tdata.atort,acaft_l1na,a.v); 
dlaplay_cali»w_4_UWata_a*oro,ldi»p_Mlf^ # tcanJtc^ 

tjracanjlnt); 
capt_tlttaHirT; 

) 

(f <l_«d»« « #arJ_ado*> 

1tJj**Q9 • l_odot; 
If (r.tdgt > i*rj_*fr) 

farj-^adBt-r^adat; 

> 

•111 

i 

aavo^col«j*»< iavr am, tdt ta_tt oro . lean L t 1 na, $jt ) ; 

dl tpl •y_colu*r» tB 4_3(ldi ti.itori f Idl tp_«l ndow, *ctn_l Int # a_w actrt_tl nt ) ; 
capt_atatt"llFT; 

> 

braak; 
em ftOLl.UU: 

r 

aavo tht trtt lf«r«antid toy Iht tctn I lot 
display itft ildo of tht tctlvt ifM 
•« %0\xik tha ttft •dyt atopa 



V 

If Ht.dttact.tdoaaCUiftlftl.roirt.tdgt.tol.actlva^tHfMhotd, 
ar_adoa,t\t_ad»an 

( 

r**_tcanjfr* • MK>oCh_»e*n_( lna< tcaoj tna,r_adta, l_td9«.UfT_0 It ,J0>; 

If <ntv_ft<on_llnt « ictnjlnt) 

C 

••va^eeitM^vfaA.ldata^itora.iwtf.tcan.Unt^iCinJIna); 
oc»n_l loa-nai^tcart^l Ina; 
If {l.odQt-txtrt >• «) 

dltptay_coluJr»_4_JUo^aaj,4dltp_«ii<^, l_adot*txtrr, 
•can^l Ina- l_odpa+a«tra); 

alta 

dl «pt •y_coluw*_*_JUgvr art, idl tp_wltdo«, 0 , »etn_l f no) ; 
/♦ dlaplay tht lean lint for date* 

fULcol>J<WUp.MlndoK # tcanJlot,0); 

•/ 

> 

If (l.odoa * *«r_l,adga ♦ aneuoh) 

( 

•avt_c« i\m* <ta>r m, ida t a_t tort , 0 , ocao^ Hot ) ; 
dlaplay_caluna a 4_3<4>lata_atora, td Up window. 0. tcan I Ina) ; 
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tumJUwnln4tor_on <); 

ptr m (ULONQ •)PCJk*JM1tM; 

rolloqu_«Uu • *ptr*+; 
pUlrwqu^wlttf ■ *ptr**; 

/• this U %fttr« version I.J loodtr putt It V 
pftla»qj_oxltM • 9 ptr*+; 
ptUftfrp_*xlttt • •ptr*-*; 



ptn^uliti • *ptr~; 



If ( ptr#_«xlm 


) 




If Cptr 


|a 


255) 


rocur«flvt_f actor • «ptr; 


P*r~; 








If Cptr 


«• 


255) 


fnor M d«ftlf^d v tqu w v«lu9 ■ *ptr; 


ptr~; 








If Cptr 


I* 


255) 


chtnglr«j_thrtthold • «ptr; 


Ptr~; 








If Cptr 


l« 


255) 


tood*rk_vftlu« • «ptr; 


Ptr~; 








If Cptr 


I- 


255) 


rolt_offiot • «ptr; 


pir~; 








If Cptr 


| a 


255) 


pUln_off*«t ■ »ptr; 


ptr**; 








If Cptr 


l« 


255) 


p*lO_Offt«t m •ptr; 


ptr~; 








If Cptr 


1 • 


255) 


po I mjtot 1 r«d_»qu_v« I u» • «ptr; 


Ptr*»; 









/• thli la *i«r« vcrclon 1.4 otyond to**r k««pt It 
P*l«*qu_«l«i • *ptr*«; 
palittrp_«xf0t* • # ptr**; 
•/ 



*lfod«f PAU_SCANNf« 
l«lt.fltp.|r#btwr (); 

colcutmjHAfurcU/T_to_Drift. O; 
ct.lculttc.atr a lofit.tliruiuf _to_0ra* ( ); 
ctlcuUtc_tca«lnaLUT M to_Oro» (); 

/• 

•• Turn of f f r abtwr 
V 

•(UtTTt •)CtAIICI at CltlO.IASC • 0*0; 
•(WTTI ^CAAilft.CTtlO^tASf • 0*0; 

IcMd^tralght^thruLUT^to.NfnSrMK); 
•todlf 

> /• fnltUHic_K020 •/ 
'I'Atftf PAIMJCAMMU 



•• copy the LLfTTlL f ro* th« 9 lv«n iourc« addrtta (In 0r M toy ltf| pointer) 
•• to NlnSroa (by LONG polntor) 
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t M0 « typt t oc*rof.coo»ro • **CA«U; /• *lch emn 00* l« *M>r- V 

Int roUoq^atlata • 0; /* 1-tOLt «*i •*«•<• V 

int plalm«.uUtt « 0; /• 1*U1" «n V 

Int pitaacji.ttUtt • 0, /• WALK ^ axlata V 

int pol^rp Mutt • 0; /• t-mn oWplf* oxlsta V 



, Local Var labia daf Inltlon ' 

/• thla aata up tfca dafaotta If no paraa»tar fllo axlata V 

static Int por._.al.t. - 0; /• M«H por. Ilia ..lata V 

.tatlc 1**0 rocur.lvjottor ■ 6o;/« .amltlvlty of coptura to flald r.to / 
.tatlc ULfllO fnar.daalrod.Wlu. • 2S2;/*v.lua af blank platan **"»ff 
.tatlc UL0HQ da.lrad.a^v.lu. . 252; /• v.tuo of blank ^ T^ 1 
.tatlc UIOW ch0n9lni.thra.hald • 15; /• porcantaaa chan*. of final to poat 
•can loaga, If not tuctodod *Ul *lta/tai *it tho <Uta •/ 
et.tlc mono too>rk.vilua - 5; /• to rnovo A/0 offiot •/ 

•tatlc UUWQ roll affaot • 10; /• AOU poak hlatooroo valuo V 
.tatlc UU*0 plain affaat • 10; /• 0LAI0 poak Matooroai valua V 
at.tlc pol.Jffaat - 10; /• WW poak hlatooro. valua •/ 

st.tla UIOM0 pala>>alrod.aqu,v.ltio • 252;/-valwa of blank platan ocjaiiliidV 
.tatlc UIONG dotact.lavol • 150; /♦ d. taction lavat for actlva araa V 



Utarnal function. 

•■tarn VOID Inlt.ra^ac (VOIO); 

mam VOIO lnlt_isp_orobbor (VOID); 

..tarn VO10 oand.cow^.to.llC (UiTT€ cc—ond^to.aand); 

»«t«rn VOIO turnJUualnator.on (VOIO); 



function Prototypal 



VOID copy.liaago.ta.Dra* <l«aoa_typo_t caa*r., ULOMC \mQ_tW_*Hr, 

Int M.bytao, Int «o>orda); 
VOIO lnltlallio.34020 (VOIO); 

voiO l oad^aqjrof ^to^IojJDr m ( »a»aa_typa_t cawra); 
VOIO loadllUTTit.lo.Hlntraai (UWi •arc.ptr); 
VOIO loacCatraloht.thrwLWT.toJqutrai. (VOIO); 
VOID aatup.iraphlc (VOID); 

static VOIO calcvlitojrtnf<*TciOT_to_0raa> (VOIO); 
atatle VOIO colculoto.atrala^t.tliruLUVo.Oraai (VOIO); 
.tatlc VOID colcwUto.ta«flrajtUT.to^0ra« (VOIO); 

atatU U10M floor© (UU»0 i. OWW0 b)f ^ - r-5 . 

.title VOIO lood.ot*W_io_lQUtra* (Ul»0 off.it. UU»0 d.rk_.ff..t, UtOHO ditlrid), 
.tatlc VOIO Ic^.itrolpiit^hruUIT.to.lllrilraai (VOIO); 

V 

/ 

Initial lit the toariac, tho CSP rtolsttrt, aatup tho graphic fuiKtlom 
•• and crooto oil Uffa. 
•/ 

voio 1nltUUio_W20 (VOIO) 

( 

volatlU UIOUG *ptr; 

•((USNOi! •)0»TCTL) • 0; 
oaai <• WAIT •)! 

Inlt.raadoc (>J 
•attp.«pac^lc (); 
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Hlenea«i gipjnlt.c 
furpoMi Olr Initialisation. 
Dotes 08/10/93 
•• Author i Joyce Young 

•• Mlltf*vi 

02/tl/** Joyce Young, Modify tht oflnt of »UIN ectlvo Im«« 
05/05/94 Joyce four*, If taooe parameter U 255, n( <tef*ult velue 
06/03/94 Joyce Young, edjuet the off tat of IOU/PUIN active l*egc In 

NINOKAM for now board 
06/28/04 Joyce Young, turnjt luolnotorjjn In Initial We_J4020 ( otherulte, 
•* turning Itlualnetor off during col (brat Ion and than receiving 

AiOtT co— and mUI ceuae tho Itlualnetor off oftar AOOtT dona 
07/14/04 /oyce Young, chonoo da fault roll _pookJUuo_level • 10 & 
pleln_pee*JUueJevel • 10 
•« 06/1!/94 Yl # f Is up offaata ao that thay add to tho offaata catculatod 

fro* tho dark I aval hfatogrea Inotoad of replacing It. 
•• 09/05/04 Tl, chonoo tagging ao that o 0 cltange_t(irethold valuo cauaoa 

tvorythfnf to bo tagged. 
•• 09/22/94 JY, aove tetup of tolonjont <COtr\l$29) I telonjont (COaPUUOj 

fro* PrlntTltteO to eetup.grepnlcO, othervJee, If catllno 
** OflntTltUO aeveret tie**, will Mat up tha telonjont labia 

09/29/94 T|, flood error In Coju Iron Inl tlol Uatlen • noodad to eubtroct 

out offaot aftar tooling. Couto aovoro clipping ot white. 
01/18/9) JY, rood aiiatlng of pola.equ froa PC.PUAMCUts 
01/20/9) JT, dotata uvweottory Include flttt 
01/23/95 JT, lood polo oqu to (OU.ORAM If fllo 0*1 a tl 



/ Includet 

'Include <gapreg.lt> 
'include <giptypet.h> 
Olncludo <gtpglobe.h» 

'Include •etdtypee.h- 
'Include »giP.font.h" 
•include •ie«_defa.h« 
' Include •e»e>_addr.h" 
'fncludo *NO_a U ch- 
at fnctef fALM_tCA»MCa 
'Include "gtpjecjt.h* 
ierdlf 

/ extern Variable definition 

/• 

•• vorloblot for tho grejftlc 

•/ 

ettern fONY corpus 29, corpue49; 



Olobet Vorlobte definition 



f OUT INFO font info; 

thort Mrtfontjd, blgfontjd; 

oft or t eoHfont^cnarhlfh, bfgfont_chernlgh; 

ohort ee)tfont_Cherwlde, blgfont_chsrwlde; 

/• 

verleblee for the low go proceaalng 

•/ 
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ftMf_sc«iJ1nt • otd_ic«nJlrw; 

) 

•1M II <r«Ujdlr UfTJU) 

If ( relied 1*n « old.»c«nJ InO 

II <*•« ton lint « old_.cnJlr* - —ijeixm*) 
%ftf.tc«n_llnt • old_«c«nJlr- • ■M.coU 

) 

•Itt nt«_tc«njlr* • *id_*cu\J\r»: 

) 



*• rtplact *ny 



VQtO IIII.MA.plMUdltll •^••t.lOt VtlUt) 

( 

rtflUttr UiTU *pp; 
rtgUttr Int w,||; 

lot y,Mi; 

w • vtU*; 
•U.ftU«<d"t,&«.iM; 

for CH«0; H«h; H~) 
< 

11 



If (ICPP * U) # PP • 



> 

«MU C-lllS 



/ 

/• «nd of fnoretpt.e */ 
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■l«.n»atrc.roi#i,«i« - «dr(t«irct.0 < ll) l 4^l^lfK(»ourct) t « < h/4); 
•U_nov*Utrc_roui,ldet row*); 

) 

) /• dl«plty.4_Jv •/ 



/ 

/• 

fu« ami VOID fHl.C0l.4_JO 

Purpott: fill « eelum In e rengo reduced by 4/5 

I « turns i Hon* 

V 

VOIO Mll.col.4.)<M|li •*ec i Int col, Inc value) 

< 

remoter Int H ,1,4.1; 
reoUter undone* cficr *d; 
Int o f h; 



ftle).ftUe<dect,4ti,4n>; 

d • e)lo_odr<dctt,col«3/4,Q); 

dj • nlaJncCdeeO; 

H«n; 

do 

{ 

•*k; 

<H«dJ; 

) t*M« (••II); 



r. •' 

•• func mmi Int ftnooth.econJInoO 

>urpo«c: even out the ocen line step* and Halt then to ■ miIiui ilx«. 
fteturnes rm scon tine 

•/ 

Int •»th t .*c*njln#(int old.econ.Une, Int M9M, Int lift, 
tOU_OIUCf|<* rviijlir, Int -* coluons) 

( 

Int mw.MdtM, nou.ecen.Une; 
Inc ecen.epllt • S; 
Int f ector • 4; 

If <etd.ecen.Une « 0 ) 

c 

newjoodlen • (Mont ♦ toft) / 2; 
return (neujeodlen); 

) 



If (rolt.dlr ifCJlT.OIt) 
< 

nevaedlan • (ccen.ipt I fright ♦ <0-ocon_cpllt)Meft) /I; 
If (nowaedlen * old econ line) 

( 

noy.Mon.tlno • <fecter«neuood1en ♦ <t-foetor)«otd.e«.njlne • 4)/$; 
If (nev_»cenj»ne » old.scen.llne ♦ o»x_co(uotv) 

fteu.icen.lJr* • old. icon J Ine ♦ cax_cotuvw ; 



WO 97/41528 



- 42 - 



PCIYUS97/07427 



cut tTYPf JtOUJ.*«_MTtlIt 

♦hard • LIFT; 
•<te«mtr • UH.OIR; 
bTMk; 

•twn • toil; 
rtturn(l); 
cm mPt_nAl«JU cmi 

• CM ri • PIAM; 
•Hand • lICMTj 
•dtiMir • NO.OIft; 
brok; 

cut S¥TO.pUMJLI»W: 
•emr« • HAI"; 
•hand • ItM; 
•dtinir • NOJDUs 

•hand • RIGHT ; 
•d«M»«r • ho.oir; 
break; 

cm* lTm_HAW.Un.WUWi 
•hard - U*T; 
br«»*; 



dtfsult t 

r«turn( 1 ); 



) 

rtturn (0); 
> /• Hng«f.typ«.ch«ck •/ 



/ 

/• 

fir* rwmt VOtO dtapUy.OvO 



vtrtU.l direction, drop tv«ry fourt* Unt 



•• l« turns: 
•/ 

votQ dltpltyjfcJWww ••wM < mn •dttt) 

c 

Int « f Mj« fl « 
■S«»U«Uourc« v in.UO; 



♦or <H-0; MO; M~> 
( 
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roCurrKO); 



/• 

•• *a?ooo: block tromfor oolocted cottm of the oourco Co tf» f Mfl « 
l«tumj fton* 

V 

voiO Mvo_coUmc«IM ••re # m« •dwt,«nt score, Int tcop) 

«"t OJI.OjlJ 

RIM orc_eolo # dooc_colo; 
■■■_ol lo( of c,Io_m,&oJi>; 

•«".«i»ot<ofe # 4ore.eol l# »urt # 0 # ico6-itort # o h); 
•I'.tUaotCotot.ldtot.coU.oCortAOjO}; 
a1a_o»v«(Urc_colo,ld*ot_coU); 
) /* M*t_coluno •/ 



/• ' 

■•lurmt 0 • If no #rf© r 
1 • othtrwUo 

•/ 

,n! f, W-^.^k<oeo«.lyp«.f ^.m-.lo-oo.typ. c 'cmro, 
^ HAOO.TYM •htntf, NOll_DINCCf ION *d«M«ir) 

/• 

•• Otco* tho flnoor typ#, * #th#r t0 ind vt| |<f , 

•* rocurn (0) If no orror 

•/ 

•oUch ( fng.nwn > 

( 

OOiO mPe.OOtlJUCHTjMUMI: 
•cmrnr* m toil; 
•hand • RIGHT; 

•r ■ ICPTOIO; 



cooo tTrpf^NoujucMTjoocx: 
cooo tTTPcjuujucNrjiioou; 

cooo CTmjttUJMNNrjUNNi 

cooo iTmjmjMCNTj.mii: 

•cofloro • Mil; 
^•nd • tIGNT; 

brio*; 

cooo tfm.NOH^UPt jouoj: 
Wi • ton; 
•bond • ICPT; 
'doctor • NIONTJDIN; 
brook; 

c«oo tTTPf JK)ll_lCPT_tNMNf 
cato tTmjm.U'TJIIOOlIi 
cmo tTTPf OOCL JC'TJMNC: 
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r«tum( CAMJAONO^TYN ); 
raturnt CAfTJAVt INQ ); 

" / 

** 9\*K nomti Int fi_datact M adgoa() 

•• Purpo«ti Oataralna tha right and laft «*«• of tha contact atrip of 
th« flngarprlnt 
laturtwi 0 • If thara la no contact 
1 • otharvlaa 

•/ 

»«t ft_datact_ftdgta<Mll Vow, Int odga_couu, Int throahold, 
Int *rlaht.«dgc, Int noft.odga) 

Int wldth t holoht,H,au«; 
malanad char *lp,»rp; 

/• 

Cat tha c«nt«r rowa fr«i th« (ms« 
Or togathtr alt tha tag bita 

V 

mimj IlKfcitttct.row, Oi; 

• I oaova.c { r om , Ida t ac t _row # OiOOOc ) ; 

ala.otio<row a itildth, Lhalght); 

Ip • alo_adrUdotact_ro«,0 # 0); 
rp • lp+wldth-1; 

/• find tha laft adg« by adding va> and tha right adg« by adding down •/ 
aai • 0; 

for (11*0; IHtfldtti; ll~> 
< 

If <Mp~ ft 1) ( 
om » " ; 

If (tun •dg*_cownt ) 
brook; 

) 

> 

•loft v odoo«lf; 
Mia » Oj 

far <IU«Jdth*1j H»*0| II-*} 
{ 

If (•rp- ft 1) < 
O4ow»; 

If Cot* >• odgo^ccvtt) 
brook; 

> 

) 

•rlght_odgo«ll; 
/• 

thara U contact If tha right odgo to forthtr right than tho loft 
odgo 

•/ 

If (•rtgnt_odgo » •taft.adga) 

ratum(l); 

olaa 
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V 

U< *ryj*#M«d m nr*<_fCAJtJCEY ) 

turner ob_on (titgt.cMri, 1); 



roturn< r*«pant«_aUf no Ckcy _pr««t<a ); 
> /• ProvSovaAct •/ 



/ 

/• 

•• ftnc nooo: CoptScortctO 

" Purpotoi Actions *on SCAM try prooiod In capture 

Mturrni CAMjtOUSKMSe 
- Mttory, OMLW Joytt T<x#io, Add r.tum volus 

V 

copturo.t CoptlconAcU IfUfif JITT1 T lt»gt ) 
( ~ ~ 

/••*• Turn arofafcor off •♦••/ 
turn_oro*.off (l«H.cM fl} ; 
'•turn <CAMJK>Jietfaitt); 



/ 

/• 

rmm: Copt$ov«Act() 
tvrpo**: Action. Uion SAVf koy proof* In copturo scroon. 
I i turns i CAM.UVtlNO/CAMjaONO^TYW 

Nlttoryt Joy*, foung: pi., eoon In copy.l«. fl «.to.Or« () 

e.pturo_t CoptSovoActC IAA<*_ATT*_T Imoo > 
Int «d*>r* # ht_brtto, *, h; 
/• 

ortbbor should «lr««oY bo off 



If (laofo.comro PUJN) 
( 

To# tht 1 0*400 for dionooi fro. tht rooolndir loot* 
tood.luiTK.U.HIntroo «WTTt •)r«ajACCUC lUTftl); 
turnjrobon < loooo. cooort, 1); 
turn.grob.olf tiovoo.coooro); 

*l*0lty_#lno#rprlnt C 4oooo.coo.ro, loooo. trc.oottr, lo*o € .d.t oddr)- 

^U.fvon^UoU(ipUln^lfp^|ndou # »4); 

/•••• Oowloo* loooo to tht W MAN — •/ 

**J*r<* • HAlNJCJftXOI; 

M.bytto • •miif^ifT^frfll; 
eopy.l«otfojo.Droo ( loooo. cooort, looat.nort>ttf , ht.byttt, uduordt); 

tUt If (loogt.cootra •• AOU) 

( 

lootf_u/fm_tojilniroo) «utm •ma TAwmo luttoi); 
turner ob.on.norooK loooo. coooro.l); ~ 
twmjrob.offdoooo.eooori); 
•I^n»vo(o90lnroji # ftdoto.ftoro); 
■ I UoC Ada to^o toro # fttt.lh) j 

^Uploy.eoluono^^to.otort^Up.olfrfou.O,!!); 
f 1 1 t.tvonj>l M l •< Adl oo.ulnooo, 234) ; 

) 

111! 
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/ 

/• 

fiAc mmi Frtvt«anActO 

Purpoiti Action *on tCA* kty protood In prtvlo* «roon. 
t.curmi CAPt.HO.UIPOiU/aPT.WOHC.TTPI t no copturod l~9« or 
•• wrong «o»ro «yP»- 

•/ 

c*pturt_t PrtvtconAct( l«*a.AfTi.T l**o« ) 

( 

/•--• Turn orobbor off ••••/ 
turn_gr»b_off< laooo-coworo 

/• 

tood alnftfK fro* Proit to MlnSro* 

•/ 

flf ING.DCWC 

lood ttrofofct thruun_to_t*iIroii %); 
lood>TTIL_toJllnIfoa (CUtftt •)UiAUHTJHt0.l«TtH)i 

IllM 

lOo4_LUTm_to_Mlrar« «UttTI ^HUFWiC.lUtTIL); 

•ondlf 



flurtxt CA»T_MOJItSP<*U ); 
> /• orovSconAet •/ 



/ 

/• 

•• func nomot ProvSovoActO 

Pvrpoooi Actlono *on UVl koy protood »« H«- 

toturno, C»1j*J*»mUK»K*iW*' no copturod I-hoo or .Using 

" Hl.fry. Joyc. T W turn on th. gfttbor If iCA* koy pr...od 

V 

copturo.t Prov«ovaAct< MACtJUTIJ 1«o«o ) 

< 

koytypo_t koy^proitod; 
c«pturt_t rooponoo^O)! of nf (1 • 
C 

CAPTJtfMSPONU, 

CAPfJWjttlW«M. 

CAPTJUOMQ, 

CAMJUt««6< 

>; 

/•-•• Turn orafabor off ••••/ 
tum_orob_off< longo .cotaro ); 

fctyJ>ftttOd • TTPfjKLMtPCHWf 

*»u< koyjKottod t. rm.taui.ttT u ttyjTOMo* «• tt«jm.«t > 

kty ^prootod • OSOPond^tyO; 

if( (••itfn9«r.kty.wrUfyj^tt»tta) ) 

C .«.fngocr>^.tcrUoy^modl)( *« >; 

'* „, turn off th* grabtxr atev«, 

MAM k«y -lit »o to prtvlti. tcrtw. •• - «»» 
.. ,H. ,r.*-, I. t«r* - Mr.. .*.«,«.., IM l«^r 

not oho* on tho provlou ocroon 
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lf< CMfl mm ROtl ) 

t—dicjiitXmyjtr—jiymiKiO; 

•rt.ttirt.ptr • (UtYTt •>G*l_V*JMI_UO; 
•re_*ttrt_ptr fcftjf • 30 • 79;* 

0»t_tUrt_ptr m (Uiy T f •)OPT_VWUt - IAJe; 

c«t_turt„otr tOLji • 4 ♦ 12; 

ff ( cmrt »UIN ) 

( 

•rc_itort_ptr 20; 

d*t_Mort,ptr iOM* • <m - INC FLAW N>; 

> 

loKl^ttrtlfht^thrvlUT^to.equSrwi (); 
le*4JAffTlljojtlftfr«i «WYTC •)STlAICHT_mu - lUT1K); 
turn_gr»b_of\ (coaora, 1); 

for (;;> 
( 

dUotty_flr*«rprfnt (CMiri, irc_itirtj>tr, dftt_ttort _ptr>; 

■wlcch < k«y_typ« ■ OSQPtnd k«y <> ) 

< 

TY«_tCAIMCtYi 
CO* IXHJIAVtJUti 
W TY»t_AiOM; 

turn_af>«b_Qff (cMn); 
lf< emri tOU ) 

r«*oc_c 1 Macros i_iy»*»t ( ) ; 

return; 

> 

> 

> /• dttplay_cmr« •/ 

' / 

/• 

func rtoati *r#vInltAct() 

Purport Action* tAon entor • pr«vl«v germ, 
ftttumci CA»!_»OJUf«atf, no Cmpturmd Im 9 ii 

•/ 

capturt.t •rtvln1ttct( IHMfJUtt T > 

< 

r 

M load airtight thru CUT from Or mm to Nlntroa 

V 

'If iMQ.OCtUC 

loari_atrolght„thf^UTj«M_to CquSroo (); 

oolto 

loodLlUTTU.tO.«lnlro« «WYTI •)1TUICHT IMtU Until); 

ftndtf 

/• 

•* fwm frofabof on 2 from, othgrulio, tho tocond flngtr toagt wlU 
dltpUy **rbog« tin** If imlng auttlpU flnoor buffers 

•/ 

lurnjifib.on (faooo.cMro, Z); 

'•tom< CUTjKMlftPONll ); 
> /• rrtvlnltAct •/ 
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lf( rot WPT.IAVllNa ) 

< 

roturnt rot ); 

> 

> 

> /• ond of uhllo V 
> /* ond of If V 

> /• ond of tdilU V 
> /• to»oo_coptur« •/ 

, ' 

/• 

furw nomoi VOID dloployJInoorprlntO 

»urpoo«t Orod tho f (noorpflnt In roducod f«*« I" dlopliy «l«fa"- 
•• fM flngorprlnt thrw tho eomoro •• upoldo-d** tho OVWH. 

tho horltontol roofcctlon It dor* In horoVoro 
tho vortlcol roduetlon U dono by dropplnt 1 of * I into tM 
•• ond 1 of 2 Unoo In th# ploln. 
•/ 

VOlft dUploy_flno«rpr1nt < Inooo.typo.t conoro, WTU ••rc.itortjrtr, 
UOYII •dtt_etort_ptr> 

( 

Uim •orc_ptr # *dot^tr; 
Int Hi 

If t comtro ■• NIL ) 

C 

/• tot i* 4/) f •diction •/ 

dl opl oy> JvUtvr on.roducod.idl op_«lndo-> ; 

> 

oloo 

C 

/• 

Only dtiploy ovory other Until 
•• oo Incromnt Iho oourco trrey 2 Unto, doit, orroy 1 lino 
•• Iho flrot dUpioy lino li In tho olddlo of th» ccroon. 



pofco trot CUM*, iro.otort.otMr /• *>• otortlnf odor of oomtoo orroy V 

pekVbro* CM0N. dot.iUft^tr), /• Mi •urtlno oddr of d.tt. orroy V 

petVbrofl CWCil, HAIN «IVUA.MtCll>| /• 111 tho pitch of oourco orroy •/ 
pokoVot <om«, OLA I ll OMVUA.riieiO; /• tti tho pitch of doot. orroy •/ 
p*ko>of COTOK, PUm>P*.VH)j /* OH orroy uldth, OTi orroy hotoht •/ 
« M Mlllt I, I "II 



> 

) /• dloptoyjlmorprtnt V 



/• ; 

/• 

fane nmt VOID dloploy.cMoroO 

turpoooi Oltploy tho ftoll or Moln Inooo fron tho flvon cowro 
(toll or Floln) by uolnj otroloht.thm function 
•« ftoturnti dono 
•/ 

VOIP dliptoy.comoro <lnogo_typo_t eoowro) 

( 

koytypo_i loy.typoj 

UIYU •orc.iurt.ptr, •dtt_otort - ptr; 
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■ 1 IffvrM, ldat«_tCort); 

brtik; 

C«0o tOtL.IICMT; 

•«v«_coLtVM(t«vrM,14«t«_«tor«,te»n_l<n«,ft w w); 
brook; 

eat* tOUJ.IMi 

t«v«_caLt«r«UflvraN,ld«tA_ttor«,0,«ea*_l (r*); 

brook; 

) 

■l«_ftovo(lxteto_otoro,4gMAroA); 



IK <*c*pt»cr_fc«y_tcr(k«y_pr«M«dn |a MULL ) 

(*coptscr_koy_»cr(key. ri pretood)>< Imgo, OtAU ); 

lf< <*copucr_k«y_«ct(koy^pr«oo«*]) l« MUU > 

C 

*ot • < # copucr_kcy_oct(koy_prooood)( Im 9 o ); 
lf< rtt CAPT uvtluc ) 

< 

return* rtt ); 

) 

) 

/• ood ol whUo V 



oloo If (Umn « tOU U ctpt^dlr — MO DID || cmrt - PLAIN) 
f 

turn_grob_on (iMg«.c«Mn, 1); 
koy_pr««*«d • TTMjIOJtCSPOttSC; 

*illo< kty^rttttd I* TY*€_SCA«_«y U koy_protood !• TTPC SAVt C£T) 
< 

/• 

OUpUy <fwg« by copy f Ingtrprirxt *r«i grobbir VIA* to 
dloptoy VIAM. 

V 

*Uploy_Mng«rprlnt Ccoworo, irc^otirt j>tr, dot_o<ort_pcr); 
koyj>r«Mod • OSOPood_koy<); 
/• 

turn off tht grobbor unon tho tcvt kty U proof od 

V 

Ifttoyjwooood •• Tm.tAVtJttT) 
( 

twrnjr ob_off<cmrt); 

> 

Jf( <*coptocr fl koy_ocMkoy aa proosod]) !• null ) 

(•eopttcr_kty_ier(koyj>rotoodn( lotogo, oiaw )• 

lf C Ccopticr^ry^octtkty^protitd) ) l« tOAt ) 

< 



rot • tnopticr_koy.octtkoy_prooood)H laogo ); 
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copt.otato-MtT; 

) 

If <l_adoa « f*r_l_odoa) 

far_l_odoc • i..odot; 

If <r_adoa > farj^odoa) 
farj^adoo*f.odoa; 

) 

aUa 

capt_atata»UM; 

) 



braak; 

cast UIM; 
/• 

for tha acttva «rt« to t* away 
•• «htn It <1mi 4 do tact tha chanoad araaa and 
tag tha final laaoa 

V 

If (f j_.ltt Kt_t*ti <4cont ral.rowa , adga_tal .act Wa.thraahold, 
" lr_odgo,at_«dia>> 

( 
) 

alaa 

( 

turn_gcab_of f < l«aoa.caiwra); 
cipt.atat««GOMC; 

> 

broak; 

caaa COME: 
/• 

•• don't do anything 
•/ 

braak; 

dafaultt 

briak; 

> 

Uyj>raaaod ■ OWand.kayO; 

Ha i4» tha data ator* In caaa tha aava kay U proaa«d 
bafera tha and of tha roll 

Than turn tha orabbar off and acva tha data.itoro 
bock Into tho oraboar a>ln draw. 

•/ 

lf<kayj>raaaad TTPIJAVC.CCT) 
< 

a»ltch (capt.atato) 

caaa lUKKt 
caaa MCSSi 
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void lMdLUffm_tojllnlrM (wm Urtjtr) 

( 

rooliur UtOMO «d; 

rttlictr MTTl ••; 
rtfllcur towa II; 

■ ■ ifc^ptrj 

d • (UIGHQ •)NI>.ttAN.IAIC; 
« H • 455*5; 
do 

mHU (-ll)i 
) /• loodJ.UTm_tojMr\Sroo •/ 



/• 

•• CoicvUto tho Ntn function «nd .tor, to tho Oro*, 
icttr «IU cop? to JHASroo 

•/ 

VOIO calcvUto_o<nfunctUT_to OrM (VOIO) 

( 

uiTft ojf, M( •ptf, out; 
UtONO cond; 

ptr • (uarri # >niiifuirc.tUTTiL; 

for ( Mi • 0; m « »6; m~ > 
fof ( o_d • 0; o_d < 2S6; a ) 
< 

cond - (UtmmoorO Cm, o_d> * rocvr.lv.J*ctor; 

If ( cond m 50 ) 

out • mm * (cond ♦ SO) / 100; 
oloo If ( cond » 0 > 

out ■ (MTTf)fioorO (mm, I); 

•loo 

OUt • Mj 

If (t_d « dttoctjovot) 

•ptf** • out | 1; 

oUo 

•ptf** • out 4 Oaft; 

> 

) /* ctlcutatojMnfunciut_to Oroo •/ 



Calculito tho ItralpM Thru ond .tor. to tho Oroo, 
Utir trill copy to Hlntroa 

V 

VOI0 c«lcutoto a itroffht_thruK,UT to 0ro« (VOID) 

( 

WTTI t_d, m, •ptr; 

ptf • {\MfU •WUtwjnwjLVim; 

for < mm o 0| mmm < 2So; ) 

fof ( o_d • 0; i_d « 7U; o.d** > 
If <o_d « uo> 
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•ptr~ • O | t; 
oWo 

•ptr*+ ■ o_d 4 0*fo; 
) /• coteuloto_otro1o*t_th«jun.to_0roo] •/ 



•* Cotculoto tho Toootna f tret Ion ood ttoro to tht Orom, 

•• lotor trill copy to ftltfro* 

•/ 

VOIO ciUuUto.t098lr>OlUT_to_OriO) (VOIO) 

( 

UltTI o_d, owi, # ptr; 
wtti w; 

ptr • CUtTTI •JfMCtJAfiCUC.tUTTIt; 

for ( mm • 0; o»» « 156; o*»~ > 

for C o_d • 0; o_d < 256; o_d~ ) 
( 

If (ehsnglna.throhold > 0) 
w • ((UlONOo.d • (UL0MG)(100 • ehonglng^thr tfthold) / (ULOHC)IOO); 

If ( (w « hi) || (o_d « to«_dork_v»lu«> ) 

•ptr~ • tma 4 OaffffFfft; /• mt«o CtAlto) •/ 
oloo 

•ptr** ■ moi | 1; /* "8 Cdork) V 

) 

till 

•ptr~ • vm | tj 

> 

> /• eoUuloto_togQlngUI1_to.Or« •/ 



Copy Io»qo frm lUrfroa U046 • 1024) to 0r«» (10111076. 976... or 
fUlMt1600 ff 1600... contlnuOMtly). 

TM (moo U upoldt down I* nirCrm ond U otorod to Oram righto I do i*> 

•/ 

VOIO copy.lMoo.to.Orooi (lo*9t.typo_t emmr*, UU*G lng.itoro.oddr, 
Int M.bytoo, Int wo>ordO 

< 

Int II, jjj 

UlONO •irc - ptr, •dot.ptr; 
/• 

colcvlito tho offtot of tM octlvo loooo 
•• HOTIt (01090 offoot In copyJr#90_toJ>ro»i(>, lood_oojurof_to_I<oXroa(>, 
procoto.collfarotlonO thoutd bo tho mow. 

•/ 

d*tj>tr ■ (ULONO *>1i<g_otoro_oddr; 
irc^ptr • (ULONC •WUJWJMti; 

If ( co-oro « IOLL ) 

•VcjKr mnoMH vd yotos • (ht.bytoo ♦ mmmjmxjmj^fm} 

♦ mMOOAH.OOil.COl.W.OffMT; /• 512 • (960 ♦ 36> ♦ 24 V 

) 
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olto 

< 

•rc^ptr mN©IUAJJDJUOADS • (ht.bytii ♦ K ! WO IAA_P LA I *JCHJJM f «C T ) 
♦ HI»tAA_KAT*_CajM>rfHT; /* *1* • <?.d ♦ 31) ♦ 39 V 

) 

lor { H • 0; H < ht_tytos; H*» ) 

{ 

for < JJ • 0; J J < nd.nordo; JJ~ ) 

r 

•• 90 to tho booming of tho provloui row 
•/ 

ifc j>\r KII©IAA>DJ«*PS ♦ tdvordo; 

> 



copy tho oquolito roforonco of tht «lvm couwro from tht Qro* to Comoro* 

•/ 

VOIO looo*_oqur«f_to_tqi*r«a < f«»9«_typo_t MMri) 

( 

ULOKC •tfc^tr, # dit_ptr; 
UIONC offtot.lovot; 
Int wd_wordi , ht.bytoo; 
«nt ll« JJ, oqu.oaUW; 
UiOMfl dork_off»ot • 0; 
rofllattr UlOftO 

If { cmro •• IOU ) 

C 

ht.toytoi • HOUJlTjmS; 

*d_»ordo • *OUJ0J<O*Dt; 

•rc^tr • (UIOMC •)tOU_tOUJWTIL; 

oqu.oilito • roltoqu.oiUM; 

offoot_lovol » roU.offoot; 

) 

olio 

( 

ht.bytta ■ PUINJrt.imt; 

wJjfordo ■ MJM M JUD^VOtO I ; 

%rt m p\f • CUIOMC •mAIH.lOUJttfflL; 

oqu_«x(*U • plotnoqu_o«Uu: 

offMC.tovol • plolnoffoot; 

> 

If ( oqu_oxloto ) 

( 

/• 

If tho oquolUotlo* roforonco ooloto ** tot tho voluo of tho 
dork offoot col cult tod iron tho poik lovol of 
tho dork fovgo MttogfM. 

•/ 

dork.oHsot • •<UiTTC •Urcjtr; 
/• 

•• tho (M0« ot tho f«4roA ohould bo tioctly MfCrm. to wot oil 
•• HicOr** do Moot. 
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to ealcuUto tho tffwt of tho •ctNt loogt 

- HOT 1 1 Imqi offMt tn oopyJoog«_to_0fo»O, ^ ... 

- lood_o*irtf_to J<^r«K). proc.ti.c.UbrttlonO .houid b. 

M tfc* MM. 

•/ 

if { comr* •« I0U ) 



> 

•u« 

front for tM bytti to th« words 

•/ 

• ■ •rc.Ptr; 
H«ht.byto«; 

do 

( 

0 • d»t_ptr; 
JJ«wd.wor4t; 
do 

C 

dot^ir «1HMAA>OJ*A0«; 
> *itlo C*-M>; 
•If I HQ DCtUC 

I ood.l t r ■ 1 9^ !.thruLUT^CN^t o.I*j« r •« <), 

lolo^uT.ic.taasr^ (oflo.t.ioy.i.d.r k .of#..t.d.ouod. w .i«.i; 
OondTf 

> 

•Uo 



lood_ttroight_thruLUTJoJ*JSf« (); 



> 



•qurof.cmro • ««wro; 
> /• lood_ot*irtf_to_t«*4'«* •/ 



"viio »p*..tr.«fM.thnAUT_to_Kln«r- <VOIO> 

< 
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for C — ■ Oj mm < 2So? m*» ) 

lor < o.d • Oj o_d < 256; ojf" ) 
< 

> 

> /• lood_otrolff>t JhnXUT_toJllnIro» •/ 



copy tho «**ollio roforor«o 0# •AIM 're* tho Orm to CoXran 

•/ 

voio I o*d j»lo_oqurof_to_I<»Xroii (VOI0) 

( 

usrH ••rc - ptr; 
ULOM6 •dtt.ptr; 

im n j 

UIOMQ dork.offoot; 

If ( polaoqu.oxllti ) 

( 

•re j)tr • (UlfTI MPAW.Ioutfmi; 
dot _ptr - (ULOMC •KOU.OIUMJUSC; 

/• 

*• wo tot tho voluo of tho dork offtot coleulotod from tho poofc 

•• lovol of tho dork Imoc MitooroA. 

V 

dork_offoot • •(ULOoG •>ore - ptr; 
•rc_ptr 7; 

for ( M o 0; If « MlN.yD^UCLI; H** ) 
•dot _ptr~ • •orc.ptr~; 

ilf IMO^DCIUG 

lood.otroloht.ihrU.Ut.«n.to - ,Co|utrooi (); 

i«lM 

U%d_o*XUT_toJOUSro« Cpol«_of f Mt,*rk_of fMt.doolrod_oo*jr«luo>; 

fonllf 

> 

•lit 

lood_otrolp>t_th«AUT_toJo>*ro» (); 

o<Bjrof.coo«ri o ninjQAM; 
) /• lood_oqurof_to_lqi0ro» •/ 

#ord<f /• PAl*_SCAM«l V 

/• • 

•• bo low ft«tt«roi oro contort for Mngor ocormor ond polo oconnor 

V 

/ ' 

/• 

•• Colcultto tho oquotlio tUT TAILC and otoro to tho fOU$*AA 

•/ 

voio lo*d_«M.ur_to.COUSro«i (UION0 offtot, UlWO dork.offoot, UlOMfl doolrod> 

( 

ULOMO o_d, owo, *ptr. out, w, oo; 
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ptr ■ (tXONO •ncujujmjutt; 

for < o_d • 0/ o_d « 256; •_*♦* ) 

for < mm • 0; mm « 256; •*»♦♦ ) 
< 

oo ■ floorO (m>i dork_offoot>; 

If < oo !• 0 ) 

C 

out • <UlO*Q)<doolroo>offtot) * 
floorO<*.d,dork_offMt) / oo; 

If (out ► of foot) 

out • out • off sot; 

otto out ■ 0; 

) 

oioo 

out - 254; 

If ( out < 0 > 
out • 0; 

•f ( out > 254 ) 
out • 254; 

•ptr** • out J 1; 

> 

) /• lood_oqutUT_to_tousro». •/ 



/• 

•• CtlcuLoto tho Strolght thru of no* ond »tof« to tho tou Urn 

•/ 

VOID lood^trolght^thruUfT.tOjquSro* (V0I0) 
< 

mono o.d, mm, •ptr; 

ptr • (UCONC •HQUJUAMJUSl; 

for < o_d • 0; o_d « 256; •_*♦* ) 

for ( mm • 0; «•» < 256; mm" ) 
i 

•ptr** ■ o_d | 1; 

> 

> /• lood.ttrolght jhrulUT_to_tquiro» •/ 

ffif mjwn 

i ' 

/• . 

•• CilcuUto tho Strolght Thru of omry'o ♦■«•• »toro to tho Cqu tro« 

•• KOtf i Thli rout loo li for drtugglnt purpooo 

•/ 

void lood_itroloMJhruLUTJ*A_t©J*4roii (VOI0) 

< 

vtOHQ t_d, mm, •ptr; 

ptr • totono •ywjuumjHU: 

for C o.d • 0; o_d « 256; •_•*♦ > 

for ( mm • 0; mm « 256; > 
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( 

•ptr*» • mm | 1j 
> 

) /• lQad.*UaloM_thnXUTJ*M_to_l<f/«ra« •/ 
•andlf 



•• Calculate tha dlvUlon to g«t rid of tha ovarflo* 

V 

ULOMQ fleorO (ULOMQ a, U10M0 b) 

( 

If ( a b ) 

ratum (• • b); 

•Ut 

roturn (0); 
> /• floorO •/ 



*• Ut\4> tha b««lc grapnlc fallow 
•/ 

void atti4>_«rapMc (void) 
( 

aat.conflf iO, 10); 
cU«r_uholo_ocrcon< ) ; 

Mlfontjd « InaUllJont <4corpu*29>; 
blflfontjd - InataUJont <tcorpu»49>; 

talon fonttCOWVttV) ■ Inatalljont <Uorpu.29); 
talanJOAtCCOMUMtl ■ Inatalt.fant (Korpuait); 

aatactjont <aadfontJd)j 
tat_fontlnfo <aa)lfontJd, ifontlnfo); 
aaUfont.tharfitofc • font Info. eharhl oh; 
»al#ont~cnar%lda ■ font Info. charwldt; 

talact.font (blgfontjd); 
aatjontlnfo (blffont Jd, Ifontlnfo); 
blafont_eha*ftlan • fontlnfo.chartilah; 
bUfont.chanilda • font Info. chamldt; 
) I* tat^jprapblc •/ 



/• and of ttpjnlt.c V 
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Hit not*: uurlntf.c 

furpott: Uttr Inttrftct on icmntr for talon 1000. 
Otto: Jon-05-94 
Author: IU«n Tu 
History: 

05- 12-94 Joyct Toung, fill Mrt>rt* Mllh Mtffffft U not otodod. 

06- 1J-94 Joyct Toung, odd flfndof NM for N?A 

06-50-94 Ction Tu, Cum grofabtr on 2 front In trtvlnltAct 

09-11-94 Joyct Young, odd dltploy.UttO to display gonorai aoaaogo to 
call ttat.outO 4 kanJl_out<> ttptrtttly 

09/22/94 JT, two totup Of ttlC«Jont(COftfVS29] 4 talonjont (C0WU9J 
froa »rlntTltioO to attuo.graphlcO, othorwUo, If calling 
•HntTIHaO tovortl tints, wf 11 oota up tha tolonjont toblo 

11-13-94 JT, dolott flfndtf MPk, to kctp displaying NlNfune laogt 

11- 17*94 JT, odd ttxt.ltngtHO to fat text (moth to coll to«t_wldth() 

4 kenJMangtnO ttporotoly 
11/10/94 JT, dttttt CAPTJWftT eott 

12- 21-94 IT, fliod displaying NtNfunc Inaga 
01/21/95 JT, dtlttt unnocotttry Includt flltt 

02/17/9$ TS, tttvtd out button action routlnas to fngrcapt 
/ 



/ Includes •/ 

f Includt "atdtypss.h" 
ilncludo -colordtf*K- 
•Includt ocoorddtf.il* 
•Includt *gtp_dtft.h* 
•includt -gspjont.h" 
f Includt "tip_ttftt.lt* 
•include •latjglottf.h* 
•Includt «aavt_tlU.h* 



/ .......... tftttrnol faction* •/ 

/• Prototype V 

VOI0 ftrlMTHU <WI0); 

VOI0 dliploy.mt {MOUT u, SHOtT yy, VOID •string, SHOftT knjjont); 
SftOtT tSfttJtnoth (V0t0 'string, SHORT knjjont); 



/• Globol Von / 

scRTCxr.r titlotutct • 
( 

( CO*W$49, CNCTo, WHITI, TITU.TXTJl, UfU.flTJ. TIHCJITJK, 

tiTit.WNfji, <>♦ iitu.m >. 

( CWW49, CAIT4, WHIU, CO*TNI6Nt_TXT_X. COPUIOKTJXT.T, CO? TNIGHT JX1 J, 

COHUMjmiJ, 0, COmiCHTJXT ), 
•Ifndtf •ALM.fCAJmtt 

C CCWS29, OMTo, VJIITI, VtMION_TXf„X, VfMIONJXT JT, VMSIONJXTJC. 

milONJONf.il, 0, HUjMjm ) 

Joltt 

( COt PUS 29, CICY4, WNITC, VUSIONfXT_X. VUSIONJXTJT, VWICN_TXT_X, 
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vusia.roiTji, o, mu.v«jxt > 



/ 

/• 

OltpUy th« iIvm mln, on cht <«, yy) po.ltlon for «fth«r Cnotlth or 
KonJI 

•/ 

VOIO dUploy.toat (ftKMT Jm ( SNQtf yy, VOI0 Miring, SNOtf knj.font) 

•tffttfcf KAN J I 

t.it.out <«, yy, (cttof Mitring); 
Mm 

konjl_out (u, yy, ($notT Mttrlng, knj font); 
If 

) /• dlspUy_uxt V 



/• 

/• 

Got tho tongtft of th« glvon tiring tlth.r for tnglUh or for Konjl 

•/ 

SHMT Uxtjongth (VOIP ••Crlog, IMMT knj font) 
C 

•hort ut_w; 

tlfnoof KAMJI 

Ut.M • u«t_*ldth CCchor Motrins); 
fotso 

Wj$ m konJIJongth UtttOtT 'Hiring, knj font); 
Ponrflf 

roturn <Ut>); 
> /• totjongth •/ 

/•♦•*.•................... 

• ?\nc now: PrlntTftUO 

• rurpoot: Oltptty tho TALON 1000 lltU ond copyrloni 

• Ottt; Jon-05-94 

• Author j CI ton Tw 



VOIO 'rfntTItU (VOIO) 
( 

tCtttXTJ •utptr; 
thore t*tj$; 

r 

Coxpony Cltlo 

V 

txtptr • UUt«t#*t{0); 

t«t_coiort( titptr->fc«lor, t«tptr->bcolor ); 
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Ml«etjant( ulon_fflnttUtptr->fontl ); 

Wjt • uat.vldth ( t»tptr->itrptr >; 

mptr*>*poon • <tcijf • utjO / l; 

ttit_out< Utptr->Kpo«» # XAtpxr-pypotn, t*tptr-»»trptr ); 

/• 

CopyrtfM 

•/ 

Utptr ■ ItUlotoxtO); 

»ot_coloro< utf>tr->f«olor, mptr->bcotor ); 

t«Uct.font( tttonJoMCUtptr->foml ); 

tit.v • t«*tji»dth t tmptr*>«trptr ); 

txtptr*>xpotn • <$CtJi • t*t_*> / I; 

tt*t_out( txtptr«>xpotfl ( mptroypoon, t*tptr-*»trptf )? 

/* 

•* Vtft Ion and tvpm of icmmf 
•/ 

Utptr • itfltUtucU); 

M( M Nlori( t*tptr-»fcolor # t*tptr-»bcdlof ); 
•«toct_font( ulonJ©nt|txtptr->font) ): 

t«tj# • tot.nldth ( txtptr-Mtrptr ); 
txtpcr*»xpo«n • <SCtJ* - t*t_«> / 2; 

t«xt_out< t*tptr-»*P<*rt. t»tptr-»ypotn f t*tptr->ttrptr ); 
) /• PrtntTUU •/ 



/• ond of uoor<ntf«e •/ 
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/ 

• Ml* mm; ftlafo.C 

• Purpoto: toutlnoo for handling mmry iMQtt In tht 5*010. 

• OfttOI OcfOS*W 

• Authors lorn Mr tor 

• HUtoryi 



/• Includoi 

• Inctudo ••lolo-h- 

vold bytooVIOjbvtofllOj 



void m\mj**(4,u 4 i t *,h) 
*\n «d; 

vnalgnod chtr ••; 

int l # w # h; 

< 

d-M ■ 

d-M • I; 
d*>w • «; 
d*>h • h; 

) 

/ 

void •l«_subof«t # d l « f y,w l h) 
HIM 

Int i,y,»,h; 

( 

d->l ■ »-H; 

d-»o ■ (••>«)«n*y*(d*>l); 
d«>w • w; 
d-»h % h; 

) 

/ 

void ■(«_«ovtU,d) 
MIM 

( 

&y*0©U<l-M,<«->l><O,d->i ( (d-M><O # i»h ( t *»«,Oa0O0c); 

> 



/• 

void •io_oev«_c<»,d,c) 
MIM •■/d; 

Int c; 
< 

byt«bUU->«,<*-H>«<3,d«>*,<d-M)<< 



/• 

umffnod eW * aU_odr(s,x,y) 
MU 

«"t i.y; 
( 

rotwrn<U-*«>»«»y*<t-M)>; 

) 
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void ata_tU«U, U t h) 

•nt 

< 

) 



< 

rtturrtft-M); 

) 



void alaJU t(d, v) 
*l« «d; 

i nt v; 
( 

toyt«fll<vi0Kff # <j.>. # (d->l)«3,d->h,d'>«,0*0t)0c); 

) 



void mlmjiiijttd, v f c) 
»IM € d; 

< 

byum<vl0«^d-*Md>O<<J,d->h,d->*,c); 

> 
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/• 

Ml«ruH»i trofabtr.c 
•• turpous loutfnoo to hondl. tho Qr.bbtr. 
*" Ottts 11/14/93 

Author i Joyce Young 
~ MUtoryj 

!! " 4k f#9Uttr f0f CflttMM.CWll I4S€) 

01/04/91 I lion Tu, Oiento Ident.tln etyl.. 

04/13/91 to • e*tt dlffoftm tufn.or*b.on.nom.l # rifled twrn.eff, 
prototype to ptp fune.h 
•• 04/19/9$ CT - Add*d eoMti. 

V 

'include ••tdtyp.e.h- 
Ofncluri. •l«B_dtf g .h» 
•Include -«et)_e<Mr.h* 
•Include *|opJunc.h* 



•• InltLlU. tho OS* Crtfabtrs ..tup th. Video Control end Cr.bb.r Control. 



VOI0 lnlt_Q.p_0r.bb.r (VOtO) 

( 

/• 

Setup tho Video Control: 



rtod tho iyt« ...ourc. (oddr.o. I. th. , m „ video Control), 

- If th. v.tu. of th. SVGA Sync Input d.tected (bit 0) L 0 <non~i f. „ 

- then hi video Source •« nttrnot Sync $ourc. lbftt-0 . 01). othoruL. ' 
tot os Jntern.1 Sync Source <bft1-0 • 00). 



00) 

NUICW0 •)VIO€0 - COMUOCJAW • 0*00000000; 

•<m<*fl MCftAucft.crtii~ftAU . Mnftni; 
/• 

Turn th. 0rtb6«r Off 

V 

turn_grto_©ff CIOtL); 
> /• tn!t.«»p_tr»bto.r •/ 



•• Turn 6rob off, polling Grofatoor tutus till off (bltO . 0|, 

VOJO turnjrtWf <<e»oe typo t CMtri) 

( 

•Ifndef 0IlAtl£_ttAt 

/•••• It ouro bit 7 fat cleared, no loot, reduction •/ 
If { cmr$ mm tott > 

•<UWf *)C*Atttt CTftlO OAK • 0*70; 

OlM 

•(WTTI NCUIia.CTlLO.MSC . 0*10; 

/• 

•• *tlt for Or* It dltebled (liTO btemi 1) 

V 

*Uo ( I((»(UITTC •>C*AM«Cm0_M«> 1 1) ) 
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/• 

•• uolt for tho V1UKK ttari 

.« HOTI: mod to tilt VIUUHC off/on, othtrwU.. Gr otter toaotl... do., not 

•• rooity turn off 

•/ 

wMW ( UCCWtTt MCPaMCt.CmO.lASC) t 2) ) 



uMU ( ClMUWI •>«Ami_CmO_»ASE> 1 2) > 



#«ndlf 

> /• turn_or«b_off •/ 



/ 

/• 

•• turn OroObor on with ro**od dUploy 

•• polling Grobter ototus till on (bltO • D- 

•f 

VOID turn_flrob_on <lM«t.typo.t cow to, int frome.nuo) 

C 

fUndof 0IUlU.C*Ai 

Int II; 



tf ( cooiero ROLL ) 

•(UiTTC *>CJUMC«.CULO,IAS£ • 0*Pf. 

oloo 

•(utru MfiMMW.cmo.tm • oar; 



•* wit for Crtb U onoblod (§110 teco-oo 0> 
•/ 

Wlllo ( <C<UlTTt MCIUMa.CttlO^IASI) & 11 > 



for < II • 0; H < 1r*mj**; > 

*Uo t KC(0ITTC *)C»Ai«M.CTILO.tASt) * 2) > 

; 

yhllo ( (CtUSVTC •)«A««t.C1tL0_lASI) 4 2) ) 

; 

> 

Oondlf 

) f tum_o,rob.on •/ 

/• * 

/• 

Turn Crobbor on Kith oormot dltploy 
polling Crobter »Utu» HU on {bltO • 1). 

WIO turn_«rotoj*w»mot d-oo.type.t ctJior*. I«« fr^rwo) 

( 

fflfndof 01UMJ*** 

Int llj 

If ( comoro IOU ) 

•CWTTI •)«AiMI.CTtlO.Mtt ■ 0»7fJ 

•<mtTi •)Oiutu.CT«to.iASC • oai; 



WU 2r//41££8 



PCT/US97/07427 



- 65 - 



< 

tou, 

M»_CAMtftA 



/• INQ.0CHJI •/ 
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Purpoooi Ooftnlttono to hondto tho looooo dltptoy or copturt for Hoot, 

OS* and CXP. 
Oout 10/11/91 
Agthori Joyco Totr* 
lovloodi 
11/02/91 • II Ion Yu 

01/26794 • joyci tow. Add iou_«Momri« & rum.icsounioii 

02/02/94 • lUon Tu, ioporoto Into Iwg.dofo.h ond laoatobo.h. 
02/02/94 - 4oyco Your*, Add tho doflnltlono for tho PAlK CMri 
11/21/94 • JY, Add Hfdof UtUJkl* to oupport no* PAL* 
01/W/9S * JY, chonpo polo pUolo for now U9k p*l» 







Od*flf* IHG.OWi.M 




ft* fir* tOUJW.lYTIS 


960 


ftctaflno IQLL>D_UC*DI 


(tOU.WD.iTTCS / 4) 


ftdtflno iOU.KT.0TUi 


960 


Mtfii* toLijcjmit 


960 


Kfcftno tOUJU.PlttLI 


960 


Odoftno iOUjajKSOU/TIO* 


600 


MiflN 0OU.VT.MIOLUTIOM 


600 


Moflno tOU.ilT.PWim 


6 


•dofino PUMJOJOTfl 


1600 


ftdcHrw PUmjUO.WtOS 


(PUU_U>_ITTES / 4) 


•dofino rumjiT.ims 


97o 


•dofino pum.w.pimi 


1600 


odtftno pum.MT.pimi 


976 


fdiffr* PUm.M.OliOCUTlOM 


500 


•dofino PUm.VT.UWU/TIW 


500 


•oofino Pum.ifT.Ptinm 


0 



llfdtf KCV.PAIM 
•dofino PAU.WD.Pimi 
•dofino PAlHJIT.Pimi 
•dofino PAUIJNJUiOUJTICM 
•dofino PAlM.VT.il IOLUT ! CM 
idoflno PAlH.OIT^itPim 
•dtflno PtU.^Pimi 
•dofino illl.irT.PI mi 

mijnjtuumm 

HCU.YT.ttlOUTICW 
Htl.ilT.PWim 



Odoflno 
idoflno 
idoflno 
MtlO 
idoflno 
•dofino 



PAUMfl.iTTli 

•dofino PAUMIT.iYUi 

•dofino PAUM*.Pimi 

•dofino PAUI.HT.PiaLi 

•dofino PAU.HT.MMIUTIOO 

•dofino PAm.VT.MKXUTIOM 

•dofino PAlH.i1T.PWim 
f 



2400 /* 
2040 /• 

soi 

506 
0 

2400 t 
1040 / 
PAU.OT.tMOWIIOM 
PAU.VT.iiSOLUTlOM 
• 

2740 

(PALMJO.iTTCi / 4> 
2740 

PAWJMD.iTTfi 

PAU.Mf.tTTIi 

500 

500 

i 



pUolo por row •/ 

V 



/• 

•• tou: ouot bo 0 
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fendlf /• WA.AUCJI •/ 
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*• WJBMJiOGU* ultl bo atored ofter alt teblei, then follow*! by 
•• HKAlJHAGf.AOOft. 

V 

•define OlPCSP.OOC.eUf OxC0002000 /• OxHXM •/ 



/■ 

•• The order of the K_PAJUA£TEII (ULOHC)i 
for finger ecanmr 

1. flao of the tOU equalization file exlate (1«extete) 

2. Uh of tho PVAIM equalisation flit exlate 0«exleta) 
•• )• fUf of the peremeter fUe exlete (Wexlate) 

- 4,... tho nuebere of tho veluee In the para. dot file If axleta 

for Pa la icimtf 

1, flat of tho PALM ecjjellxetfon flia (peU.eojj) exlete <1 •exlate) 

- 2. flat of tho PAU( d^arplr* ft la (pelouwrp) exUte (f ixUta) 

•/ 

adeflne PC.PAAAACTEM OxC0004000 /• 0*40 V 

/• 

Tho general return reeulte of CSP conoond proceaelng, defined In tho 
•• teoncmd.h, will bo atorod after ail loage parawetere In PC_PA*A*im*S . 
•• If total nuotoera of tht ie»ge pormters tacted to 0*40 In tho future, 
•• this addreaa needs to bo changed. 

V 

adeflne CONWXOJKTUMJKSUITS 0*C0004oflO /• reaerved 1W apace* V 



•• below for finger ecanner 
•/ 

•define tTXAlWTjMlttJ.luniL 

adeflne HIMfUMC.LUTTlL 

•define mC0_TAC0W0J.UTm 

•define «<Xl_IOU«Mil 

•define PUINJOUjwm 



OxCOOOOOO /• 0*4000 256*256/4 •/ 

0*COOA4600 /• 0*4000 256*256/4 •/ 

0*C0104*00 /• 0*4000 256*256/4 •/ 

0*C0164*00 /• 0*36400 960-960/4 •/ 

0«C0SaCB00 /• Ox5f500 1600*976/4 V 



/• 

•• CORAM addreaa In fngrgapa.coxl 4 fngrtapj.aial need to bo •etched with 
•• f KC«_CSr_CO* '_'XOCXAM . If ony one be«n changed, change the Other, too 
•/ 

•define flGt JCSP JCOP f _PX0GAAM OxCU 76600 /• 0*7000 •/ 

•diflno fUCilfUAU.lKAa^AOOX 0*C6000000 

/* 

** below for PALM aconner 

V 
/• 

ODxAM oddroaa In pelatjepe.caiJ A poloxjepj .cad need to be notched with 
PALM GSP_Cdf'_P«OCJlAM. If ony one been changed, change the other, too 

V 

•define PAW_!0UJ«rm OxC0O04600 /• 2400/4 •/ 

•define PALH_6SPJ»rr JROGPJW OxCOOOCSOO /• 0x7000 •/ 



•ifndef NtU.PAXN 

•define PAlH.PIIUtJPUCl.xOOO 

•elae 

•define PALAJ>IUAAPjll 

Adeflne nat.PHUlJHAOI^APOt 

•define PAlM.PIMALJNAfiC.AOOa 
•endlf 



OxCOOCCBOO /• 274«*2746/4«0x1Ca84 •/ 

0XC00CC600 /• 0x300 (3072/4) •/ 

OnCOOf 2600 /• 240O*1O40/4*Ox98S6O V 

OxC13P0600 /• 2400*2040/4-O*t2od40 •/ 
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1. Uaa of tha ROLL filiation flla Oftlata (Uaxtata) 

2. flag of tho HAW oqjalltotlon flit o*Uto (1-a*tata> 

3. flao. of tho poraaotor fHo okIou (1-aalata) 

4..,. tho nuobora of tho voluoo in tho poro.dot fllo If axltts 



for Palo oconoor 

1. flap, of tho PALM oquollntlon fUo (polia.et*) oliti (l-anloto) 

2, flap, of tho PALM deworplnp, fUo (polouwrp) osUti (ftxlots) 



fc*Mr* PC_PAJUMtTCRl 



OxC00200 



Tho reiulta of the platan chtck for tho flnoar icowf, doftned In tho 
atructwro of ploton.choek.roiult.t In ooonawd.h, will bo atorad oftor 

•• «U louoo pormtoro In PC.PAJUMfTtt». 

If total nuifcoro of tho <■»?• paraawtara aacoad to Oa40 In tho futuro, 

•• thla odrfreaa neada to ba chanoad. 

V 

Odaflrta COOUMO.tCTUtM.ICSUlTS OaCOOZM /* raaorvad 10W apacoo V 



balew for Mngar aeamar 

•/ 

ioaftna IItAICHT_mu_LUTTR 0*C00240 

Odaftna MUfUNC^lUTm 0*C04240 

Odaflnt fNCIJACGUCUJTliL 0*C0S240 

OdaMna tOLLjOUMMiL 0*C0C240 

fdoflno PUIM.CWJWTIl OaCUMO 



/• 0*4000 256-256/4 •/ 

/• 0*4000 256-256/4 •/ 

/• 0m4000 2S6-256/4 •/ 

/• 0*36400 WO60/4 V 

/• 0*5*500 1600-976/4 V 



•« CORAM oddroaa In fnoraapa.e-d & fnoraapj.cad naod to bo aiatehed with 
FNCft GSP COM PtOCAAM. If any ona baan ehangad, chanoa tha othar. too 



Jdaflrta mCI_W_COfP_PROCAAM 0*CA3»40 
fdoflno PKR.PIaUlJIaUIJbXt OafOOOOO 



/• 0*7000 V 



•• balow for PALM acanmr 



CORAM addraaa In palaajapo.cwd 4 pal*«ipj.«**i noad to bo aotchad with 
PAUI_C$P_C0M_PtOGtAM. If any ona boon chanoad, chanoo tha other, too 



fdaftno PALMjaujUPm O*C00240 
fdaflm PALM_CSP_C0f ^PROGRAM 0*C00640 



/• 2400/4 •/ 
r 0x7000 •/ 



llfndaf KtVPALM 

fdafina PAIMJIMALJMACC^AOOR 

folao 
•da f I no 
Idaflno 
fdoflno 
forafff 



PAlM_0CUAtP_Tll 
HaLJlRAL.WACI.AOM 
PALM J I RAt.l MACC^AOOI 



0*C07640 /• 2746*2746/4«0x1CC£84 V 

0*C07640 /• 0*300 (5072/4) •/ 

OaCOmO / # 2400M040/4«0tfo560 •/ 

OaWCCO /• 2400*2040/4-O*12od40 •/ 



faUa r CJPJU* •/ 



•• Drao oroa to otora tha loooa procaaa by M0R0 lorajtht 

Tho flrot 2 Itoaaj, OSPW.OtCJUP, PC.fA*AMCHlS will ba tho aaau oroo 
•• to tha flngar aconnor and tha pain aeannar. 
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/• 

Ml VMM I MB.ftllCth 

" Purport Definition of mmwy ellocetlon of toftwere. 

" If the proof m went* to run CS*/ftAMAC/80$1 functlonc under 

the Otf Mp, odd the coopllor option •e?SPJUP; otherwlee, 
•• triooo function* will run under W mp. 

Oito; 0S/2W 

Author i Joyce Toung 

MUtoryt 

02/04/94 Joyce roung. Add tho Oof Initios of tho OSr OIAM OAlflCe 

01/15/94 Joyce Young, fteorrongt tho Orexdonke 
•« 04/07/94 Joyco Toung, leerreneo tho Orosdenks to support KenJI 

05/20/94 CI Ion Tu, te»oved unnecessary (Mine's. Chenged tho 
•• f HCO^MHAl JAAC1.ADO* irm 0x100000 to OxfOOOOO 

OA/Of/94 Joyco Yourcj, odd CCWUJOJIETUUJtC SUITS to noport plitcn chock. 
•• 00/11/94 Joyco Tour*, oodlfy tho cohnau 

11/22/94 JT, odd flfndof HCW^ALN to oupport am PALM 

01/18/9$ JT, osdlfy for polo teblee 

V 



flfndof IBIJU1CJI 
eoef Ino MEMJLUCJI 



/• 

iolov MMory moj ere different froo DSO onrf CSf. 
•• Wo uoo tho oom row on tho both CST ond OSf codec, but 
•• cotpllo with -dDSPJIAP option if tho proaroo ii csuleted on OP or 
•• ceopile without -oftStjtAF option if tho prooro* It ooulotad on CSO. 



01 f oof 0 ST JUT 



»0tf: flnoor ocenmr will uoo OenkO & lenkJ, 
polo icmmr will uoo tU bonks. 

If ony oddrooo U cheneod In «t«_sddf.h, *ekt sure tho oddrese horo 





will 


bo ootchod. 






















OrexdenkO: 


OxCOOlOO 


| 1M wof 


-do vol id 


I 
















OrooOonkl: 


0x000000 


| 1H WOI 


-do velld 


i 
















OfoidonU: 


0x200000 


| 1o words vol Id 


I 


•* 














0r«0UnUi 


Oxrooooo 


| 1N WO< 


-do vol Id 


I 















V 



r 

♦* Oroo oroo to store tho loogo process by Ittto length: 

Tho first 2 It coo, QVWj*OJUf, PCJWmim will bo tho ceo* oroo 
** to tho flnoor ecemer ond tho polo oconmr* 

•• QVJQftjtVJjm will bo stored oftor oil tobies, then followed by 
MOAlJIUa.AOO*. 

V 

Odeflne 0t*CSPO0C_sW OxCOOlOO /• OxIOOV •/ 



/• 

•• The order of the oc^aaakITIM (Ui0H0)i 
•• for rtngor econnor 
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/• 

MlmMii levglofao.h 
•• Purpoaet Oaf tnUlon A variables to handle the foagts dUplay or capture 

on ojf/csp. 
•• Oetet 10/11/93 

Authors Joyce Young 
•• levleedi 

•• 11/02/?! - Ulan Tu 

•• 06707/* - titan Tu, ti^port platan check function, add dlrty.threehold 
•• and danaoo_threehold ta tha laege_obiect_t structure. 

11/18/94 - 4Y, delete CAtTjuOtT In ceptura„t; 
•• axpand length of Ic.nejne In laage_obJect_t 

12/21/94 • 41 # add CAPTJfUU & CAPT_tAVf_PAm In cepture_t 

V 

•include •atdtypea.h" 

•ifndaf IKClOtSjl 
Wtfln* INCCUttCJf 

typtdef enu* capture., t 

( 

CA^T.IO.KIPttU, 

CAM.IAVUMC, /• IOLL or PLAIN for f Ingtr, mx I Mttl for pals •/ 

CAPYJIISSPNG, /• lining f tnger/hand •/ 

CAP T_VR0NC_ Y YPC , /* l«*eg< typt and finger alsiMtched •/ 

CAPTJWU, /• 4 r starved for AOMtTjWMT •/ 

CAar.UVl^ALM /• tava PALM only; only used by pain acannar •/ 

> capture_t; 

/• 

•• If JUXJIAMEJ.EN In acancnnd.h uprdt, Ic.nwe needs to e*pend too. 
•/ 

typvdef atruct 1«isge_obJect_t 

< 

uicmc le.cad; /• tou. plain •/ 

UIOMC U.slte; /• oUeof 0«*gt_oOjoct_t)/sUeof (ULONG) •/ 

UIONC Ic.scantype; /• SYYPfc.... •/ 

UIONQ Icjaigtype; /• tOCL, PU1N or PALM V 

ULONQ U_l*t; /• OK of aMftad Inags 10* V 

UIOMC U_eddr; /• tha eddrees of ie»ga •/ 

UIONC lcnae»{111;/* convict none <4 chara/UONC) V 

UIOMC lc_reeerve1; 

UIOMC IcjJirty. threshold; 

UL0M0 1c_deaage_threehold; 
uiOMO 1c_reeervc2; 

UIOMC fejleg; r tha flag Indicate all uords written •/ 

> lnege_abject_t; 



•endlf f IACCLOMJI V 
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•• MilMMI |tp_funC.h 

Hrpo*«t fcnctlon prototype* 

Ottti 04*19-95 

Authors Cllon Yu 
•• NUtoryi 



/• gr»6b«r.c 

VOI0 inlt jtp.gr Attxr (VOI0); 

V010 turn_orab_of# < l^OOVJ*.* eiMri); 

VOI0 tum.jfAb.on <<aooo_typo_t ciMri. *fit froao_nu»); 

VOID tum.jrob_on.nonM I < l*»f<i_trpo_t cmn, Int fr»nun>; 

VOIP t*ltJor_tribjrilJLN!C_onoff (VOID); 
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/• INeederi ai/t1000/9ip/alalo.h_v 1.0 06 Apr 1999 11:06:02 TGN ft •/ 
/• 

• Kogt 0:/t1000/gip/«l«<o.h^v ft 

• lev WO 00 Apr 1999 11:06:02 TO* 

• InltUt revision, 

•ev 1.2 26 Oct 1992 UiUsSO TON 

• KtM •(■Jill decleretlon* 

fttv 1.1 16 Oct 1992 01:52:10 TO* 

• **v 1.0 16 ftp 1992 16i(1t06 TQM 

• Initial revision. 
•/ 

/••*••••*•••••»••«••••••**«•»* »*•«• •***••« 

'Met tUlo.h 

definition* for aeaory |jm 0 « «*?»*nu 
only 8-blt pUal* «r« it lowed 



typodof struct »le*ge < 

unsigned char •*; /• «Mree« of first element of flret row •/ 

int U /• Increment In byte* fro» row to row •/ 

l"t w; /• (Mot width •/ 

/• i«eo* height •/ 

> MtN; 

void alon*w<NIM «d # tfVilon*d cher •ejnt I, Int w,lnt h >; 

void •l«_s*i«t( HIM U,M* •d.lnt *,lnt yjnt wjnt h ); 

veld alauwveC MA U.Htn «d ); 

void alfl_Bove_e< NIN «d,lnt e>; 

void ■l«_opj»9vt< WIN *i # NIN *d ); 

u*lgn*d ther •■l»_odr< Mtt i.lnt y ); 

veld ala_tUe< HI* Int •w. lot «h ); 

Int mimjfict NIN 

void afa_flll< Mm *d, Int v ); 

void •laJHl.cc nin Int v, Int c >; 
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flltnjMS tipjagt** 

ivirpoooi Doftnltlon I vorlobloo to hondtt tht display or eopturo. 

DitOi 11/01/W 
Author i CI Ion Tu 
NUtoryt 

02/20/94 Joyco Tour*, oodlfy tho NINOMM offttt 

06/03/W Joyct Young, odjutt tho off Ml of I0U/PLA1M octlvo Imoo In 

MIMOJUM for r#« boord 
06/09/94 Ellon Tu, odd too tint PtOTOTYiE dlffortnct tho htrdntrt 

prototype botrd and other no* rtvlolono. 



ilfndof WJ*Q$J 
•doff no CSi.IACf.ll 



idoflno 
•dtflno 
totHn* 
to«Mnt 
•doflno 
flfndtf 
idoflno 
tot fin* 
•dtflnt 
•dtflno 
tooftno 
•dtflno 

ItlM 

•dtflno 
•doflno 
•dtflno 
•doflno 
•dtflno 
•ondlf 



NlK0tAN.VD.IVTE* 
JMWRAMJUDJOftOS 
NINDtANJlT.ITTEt 

NtNOtAN.PUCil.il TS 
itOTOTTPC 

NIN0iJU«_l0U.COt.VOmET 
KWOtANIOU.COt.l.OmET 
M!M0ftAM v OUIM.tOU.S.OrfSCT 
Ml KOtAN.iUI H.COt.W.Of f SET 
K I MO tANitAI K_COC_l_0ffSE T 



km 

<M|KOtAM a UD_tVTES / 4) 
1024 
2044 

(NIN0tAM.P!fCK_ITTES • 8) 



/• 0*4000 •/ 



38 
24 

(Ml NDtAN.IOU.COt JfJDMSCf • 4} 

3t 

38 

<NU0tAN_iUli_C0t>_0ffSET • 4) 



mi»i>N_IOU.I_OfPS£T 32 
NlNDtAN.COt.V.OfFSET 24 

MINOHM^COCJ.OFFUT (NINOtAM.COL.VOf fSET • 4) 
M I KOEAN.PIA I i.COt .V.OP f IE t 13 

M t KOtAN^PlA I iTcOL.I .Of f SE T ( M I KOtAM.P t A I *_COl JdJ>f f $C T • 4) 



•doflno ciivtAM.vo.iTTil 

•doflno CtlVtANJlT.IYTES 

•doflno UtIVUftMTCM.irm 

•doflno CilVtAN.PlTCN.IITS 

•doflno OPTVtAN.VD.IYTES 

Idoflno OFTYIAN.AT.inCS 

•doflno OiTVtAN_PITCN_ITTE$ 

•doflno OirvuN.iiTCKim 



1024 
1024 
1024 

(CtlVtA*_PITCIl.lTTft • 8) 

1024 
1024 
1024 

(1024 • 8) 



/• 0*2000 V 



/• 0*2000 V 



•doflno tOU.PITCtt.lYTES 

idoflno tOU.ilTCII.IITl 

tot Mr* tOU.OMVtAN.PITC* 

•doflno tOU.OPTVtM.PITCN 

•doflno tOU.DTOt.VJU 



1024 

(lOtt.ilTOI.ITTES * •> 
(-<CiiVtAM.PlTCN.il ft * 4)) 
(0TTVUN.il TCM.II TS • 3) 
((((INC ECU." • 12) / J) « 16) 



(ING.tOU.W - 16)) 



•doflno it A I i.P I TCM.iT TE t 

•doflno PtAIN.PITCtf.ilTS 

•doflno iUIN.CiiViAMjITCM 

•doflno iUIN.OPYVtAM.PITCM 

•dtflno iUIM.OTOX.VAt 



2048 

(itAlM.il TCH.ITTES • 8) 
(-(CmiVLPITCH_IITS • 2)) 
(DPTVtAN.il TCM.IITS) 

((IMC PtAIM.M • 12) « 16) | (INC.PIAIM.V 



12) 
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CJIASt, 
OftAV 



typed* f eru» 

( 

scajijcu, 

SAVtJCCT 



typedef enui 

( 

au.iMjuoft, 

lEAOJOtCVM, 
WKITtJCMYi* 
) tt*JCSTJtlSUU_TTPI; 

fyptdef *%• 

( 

UNPKCStCO^IUTTON, 
?«SttD_tUTTON 
) •UTTOSJ_OP£t_TTP£; 



/• 

»• Attributes for t«*t displayed on screen 

V 

typedef struct 

( 



short 


font; 


/• 


font Index el th* tslonjont tsbls V 


short 


fcolor; 


/• 


foreground color •/ 


short 


bcolor; 


/• 


beefcaround color •/ 


short 


sposo; 


r 


x petition V 


•hort 


yposn; 


/• 


y petition •/ 


•hort 


•Hon; 


/• 


Allorfotnt {reUtlve to boiollne or topleft) 


•hort 


fontji; 


/♦ 


holeiit of font V 


•hort 


tMlji; 


/• 


width of text string •/ 


ehtr 


••trptr; 


/• 


test string ptr •/ 


> SCITttf.T; 







typedef struct 

i 

lMgt_t>pe_t 

scen_type_t 
ULOHO 

UtTTf 



comers; 

hard; 

fng_nue; 

store_edrfr; 

••rc_eddr; 

•osTedir; 



•endlf /• QtPJtttJ* •/ 



WO 97/41528 



PCT/US97/07427 



- 76 - 

typ«fef 

( 

PftCVjtQU, 

MCV.MtSflHG, 
Ml/til, 
MCVJM, 
MtCVJIISFNG, 
CAMJtCPCAT, 
CAPTJICXT, 
CAMJUCH, 

ructjtsoir, 

t0tl.60NT|HUC f 
ROUJIIS 
) ttTACl.TW ; 

typ#<J«f 

< 

II CUT, 
LIfT 

> NAMOJTH; 

typedtf ttvi* 

< 

tOUjUCMTJMMf, 
tOUjUCKTJKOIX, 
lOUJUCNTJIIODlf , 
ftOUjMOMfJMMC, 
tOUJUCMTJ.tTKE # 
IOUJ.€fT_T»*ft. 

tou^ic'Tjiiocx, 
tou.unjuooii, 

lOU.UfTJUKG, 

mUK.TWO.TKUMl, 
nAlftJUCITi, 
ttAINJ.CfT4 # 
ftIGNT.PM.fl, 
lUT/AlM, 
rUtl.ftlCHTjMJMI 4 
FUN.UrTJKlffft 
) MftCtlJTK; 

/• 

•• uMr*t«l«ct«4 typt of th« kty prated or conmand for Imoc ctfutrt 
•/ 

typodtf «u k«ytyp«_t 

C 

TTPCJtiftCSraitt, 

Wl.tCAIMCCT, 

mCASC.SCAJMCET, 



/• o •/ 

/• i •/ 

/• 2 •/ 

/• j •/ 

/♦ * •/ 

/• 3 v 

/• 6 •/ 
/• 7 •/ 

r • */ 

/• 9 V 

/* tO (wupporttd) •/ 
/• 11 •/ 
/• 12 V 

r 11 •/ 

/• H •/ 
/• 15 •/ 
/• 16 •/ 



( 
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/• 

Mlmmt ■tp.dofo.h 
JurpoMt **t\nm In W application. 
•• Oitt: 10*05*95 
Author: Ctlan Yu 
NUteryt 

01 -31 -94 Joyca Young, Changad tha orc.oddr t dit_addr in IKACE_ATTiJ as 
pointer 

•• 02*25-94 Joyca Young, Added the fng.num In lHAGC_A.TTiJ 
•• 04*01-9; Joyci Young, support KAMJI in KOOEJTPC 
12*19*94 CI (on Yu f remvt soma unuaed deMn* 

•/ 

Jifndaf «»_D£FSJ< 
•daftne CSP_0tH_H 

aincluda ■l«g_da*a.h" 
ii^clud* Mcancntd.h" 

JdeHoe «UU 0 

*J«Hrw fAlSC 0 
•define Ttue 1 



•/ 

ftdeffne 1H 0«0002 
AdtMr* MIC 0x0200 
idtMnt INTfN OiOOOd 
•define IMTOUT 0x0060 

Uffin* I1Y0 0x01 

•define IIT1 0*02 

•define ilTl 0x04 

MtflM I IT) OaOfl 

/• 
*• 

V 

typed* f enua 

C 

ftXCJUXL, 

KX>C_»U1»4, 

WQDC.MtV, 

MOOC.ClHft. 

JtXtJUUUOV, 

NQDC^HACINOCO, 
NDC_»UCimD1, 
HOOfJOCLHOXO. 
WDCJtOU*X01, 

> mmjmi 

typodef orxn 

( 

MNGIIJ.CCCNO. 
M00(_UCCN0 
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•• wait for Grab la wubltd UITO tMconi 0) 
•/ 

ttfclU < «*<UaTTt # >QtA88eR.CTRL0.MSC) 4 1)) 

; 

for < M • 0; li « irm*j*n; ll~ ) 
< 

Mhllt ( l€( # (USTTC •>GAAaU*_CTtX0_tA«) 4 2) ) 

; 

kflMt ( U*CU8YTf •)«A»««_C?«10^1ASC) & 2) > 
> 

fardlf 

) /• turn_ortb_on_nor«*l •/ 



/• / 

/• 

Malt for Ch« VBUNC atari on and off 

•/ 

WO w*1tJor_orab_V»UWK_on_off (VOI0) 
( 

flfrafcf 01UUE.0AAI 

WfllU < l((»<UtTU • )CAAI8E A_CT t.lO_tASE ) 4 2)) 



a* Ha ( <<*<UaYTt *)OAAMCft_CmO_8AS€) & 2) ) 

i 

•andlf 

) /• watt^or_grab_Y»tA*K_on_off •/ 



/• and of flrabbar.e •/ 
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The present invention has been described in terms 
of preferred embodiments. The invention, however, is not 
limited to the embodiments depicted and described. 
Rather, the scope of the invention is defined by the 
5 appended claims. 
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CLAIMS; 

1 1. A method of reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising the steps of : 

4 sequentially generating frames of an optical 

5 image signal which includes data values characteristic of 

6 light intensities of corresponding locations of an 

7 optical image, wherein the optical image includes a 

8 fingerprint image of a finger rolling on a surface; 

9 determining, for each frame of the optical 

10 image signal, a freeze column representing a line 

11 positioned between leading and trailing edges of the 

12 fingerprint image and oriented transverse to a direction 

13 of roll of the rolling finger; 

14 sequentially updating an interim array that 

15 is an accumulation of the frames of the optical image 

16 signal and characteristic of an interim image of a rolled 

17 fingerprint, a current update of the interim array being 

18 formed by reducing pixel values of the interim array by a 

19 portion of the difference between corresponding data 

20 values from a current frame of the optical image signal 

21 and the pixel values of the interim array if the 

22 corresponding data values of the current frame of the 

23 optical image signal are less than the pixel values of 

24 the interim array; and 

25 generating the rolled image array by 

26 transferring portions of the interim array to the rolled 

27 image array, wherein the transferred portion of the 

28 current update of the interim array extends forward in 

29 the direction of finger roll from the freeze column 

30 determined from a preceding frame of the optical image 

31 signal that preceded the current frame of the optical 

32 image signal. 

1 2. The method of claim 1, wherein the 

2 transferred portion of the current update of the interim 
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3 array includes data characteristic of a portion of the 

4 interim image up to approximately the leading edge of the 

5 rolled fingerprint of the interim image. 

1 3. The method of claim 1, wherein the 

2 transferred portion of the current update of the interim 

3 array extends up to approximately the freeze column 

4 determined from the current frame of the optical image 

5 signal . 



1 4. The method of claim 1, wherein the freeze 

2 line represented by the freeze column determined from 

3 each frame of the optical image signal is positioned at 

4 least approximately half a distance in the direction of 

5 roll between the leading and trailing edges of the 

6 fingerprint image . 

1 5 - The method of claim 1, wherein the freeze 

2 line represented by the freeze column determined from 

3 each frame of the optical image signal is positioned more 

4 than half a distance in the direction of roll between the 

5 leading and trailing edges of the fingerprint image. 

1 6. The method of claim l, wherein a first 

2 transferred portion of the interim array extends rearward 

3 in the direction of finger roll from approximately the 

4 freeze column determined from a first frame of the 

5 optical image signals. 

1 7. The method of claim 6, wherein the first 

2 transferred portion of the interim array is 

3 characteristic of a portion of the interim image forward 

4 in the direction of roll from about the trailing edge of 

5 the first interim image. 
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1 8. The method of claim 1, further comprising 

2 initializing pixels in the interim array with maximum 

3 values . 

1 9. The method of claim 1, further comprising 

2 initializing the interim array with data values of a 

3 frame of the optical image signal. 

1 10. The method of claim 1, further comprising 

2 saving the rolled image array after transferring the 

3 portion of a final interim array to the rolled image 

4 array . 

1 11. The method of claim 1, further comprising 

2 displaying a rolled fingerprint image represented by the 

3 rolled image array on a display device as it is 

4 generated. 

1 12. The method of claim 11, further comprising 

2 decimating the transferred portion such that the rolled 

3 image array has fewer pixels than the interim array. 

1 13. The method of claim 1, wherein sequentially 



2 updating the interim array includes updating the interim 

3 array in real time as frames of the optical image signal 

4 are generated, and wherein generating the rolled image 

5 array includes transferring a portion of the interim 

6 array to the rolled image array in real time as the 

7 interim array is updated. 



1 

2 
3 



14. The method of claim 1, wherein the 
transferred portions of the interim array are adjacent 
and non- overlapping . 
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1 15. A method of generating a rolled fingerprint 

2 image array characteristic of a rolled fingerprint image, 

3 comprising the steps of: 

4 generating a series of frames of an optical 

5 image signal characteristic of an optical image of a 

6 finger rolling on a surface at sequential times, wherein 

7 the frames include data, the value of each datum being 

8 characteristic of a light intensity of a corresponding 

9 location of the optical image of the rolling finger; 

determining a freeze column from each frame, 

11 wherein each freeze column is representative of a 

12 position between leading and trailing edges of the 

13 corresponding optical image of the rolling finger; 

14 sequentially updating an interim array in an 

15 image memory with the frames as they are generated, the 

16 interim array being characteristic of an interim image of 

17 a rolled fingerprint that has a leading edge and a 
trailing edge, including first updating the interim array 
by transferring a first one of the optical image signals 

20 to the image memory, and then further updating the 

21 interim array by reducing pixel values of the interim 

22 array with a portion of the difference between 

23 corresponding data values of a current frame and the 

24 pixel values of the interim array if the corresponding 

25 data values of the current frame indicate a darker image 

26 than the pixel values of the interim array; 

27 associating the freeze columns determined 

28 from the frames with corresponding updates of the interim 

29 array; and 

30 sequentially updating the rolled fingerprint 

31 image array in an output memory with the updates of the 

32 interim array by sequentially transferring a portion of 

33 each update of the interim array to the output memory, 

34 including transferring a portion of the first update of 

35 the interim array that extends in a direction of finger 



18 
19 
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36 roll rearward from approximately the freeze column 

37 associated with the first updated interim array, and then 

38 transferring a portion of a subsequent update of the 

39 interim array that extends forward in the direction of 

40 finger roll from approximately the freeze column 

41 associated with a preceding update of the interim array. 

1 16. The method of claim 15 , wherein the 

2 transferred portion for a subsequent update of the 

3 interim array extends forward only to the freeze column 

4 of the subsequently updated interim array. 

1 17. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and non- over lapping. 

1 18. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and do not overlap rearward in the 

4 direction of finger roll from the freeze column 

5 determined from the preceding optical image signal. 

1 19. A device for reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising: 

4 an imaging system for sequentially generating 

5 frames of a series of electronic signals characteristic 

6 of an optical image that includes a fingerprint image of 

7 a finger rolling on a surface; 

8 means for sequentially generating frames of 

9 an optical image signal in response to the electronic 

10 signals, each optical image signal including data, the 

11 value of each datum being characteristic of a light 

12 intensity of a corresponding locaticm of the optical 

13 image; 
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14 an image capture system responsive to the 

15 optical image signals for sequentially updating an 

16 interim array characteristic of an interim image of a 

17 rolled fingerprint that has a leading edge and a trailing 

18 edge, a current update of the interim array being formed 

19 from a preceding update of the interim array and a 

20 current frame of the optical image signal by reducing 

21 pixel values of the preceding update of the interim array 

22 with a portion of the difference between the 

23 corresponding data values of the current frame and the 

24 pixel values of the preceding update of the interim array 

25 if the corresponding data values of the current frame are 

26 characteristic of darker images than the pixel values of 

27 the preceding update of the interim array; 

28 means for determining, for each frame of the 

29 optical image signal, a freeze column representing a line 

30 positioned between leading and trailing edges of the 

31 fingerprint image and oriented transverse to a direction 

32 of roll of the rolling finger; and 

33 means for generating the rolled image array 

34 by transferring a portion of the current interim array to 

35 the rolled image array, wherein the transferred portion 

36 of the current interim array extends forward in the 

37 direction of finger roll from the freeze column 

38 determined from a preceding frame of the optical image 

39 signal that preceded the current frame of the optical 

40 image signal. 



1 20. The method of claim 1, wherein the current 

2 update of the interim array F° is formed according to the 

3 relation: 

4 pn = pn-1 _ Ri , (pn-i _ ^ ^ 

5 where F n is a pixel value of the current update of interim 

6 array, F"" 1 is the pixel value of interim array, I" is the 
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7 corresponding data value of the optical image signal, and 

8 K is a factor less than or equal to one. 

1 21. The method of claim 20, wherein K is in a 

2 range of 0.25 to 0.5. 

1 22. The method of claim 20, wherein K is 

2 approximately 0.33. 
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